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This thesis is a taphonomically-oriented reanalysis of the deer assemblage from the Clarkson 
site, a Moingona phase Oneota village from central Iowa. Applying established zooarchaeological 
methods, including mechanical refitting, the Clarkson deer assemblage is reexamined focusing on 
increasing the number of specimen identifications previously absent from analysis in order to 
accurately interpret the skeletal element pattern and the formational history of the assemblage. 
Results are integrated into a behavioral ecology theoretical framework aiming to provide a fresh, new 
perspective of deer exploitation behavior of Oneota people in central Iowa. The Clarkson deer sample 
reflects the intensive exploitation of nine animals procured within a relatively short period of time, 
and then mainly discarded into a single pit feature at the site. Skeletal elements identified represent 
the remains of a spatially segregated activity area where mostly forelimb elements were 
indiscriminately and intensively processed for marrow and grease while still articulated. Cutmarked 
and carnivore modi~ ed specimens of the ankle joint are signi~ cantly higher and indicate that high 
meat yielding elements such as the femora and tibia, were selectively removed and processed 
elsewhere at the site, probably explaining their low frequency. The systematic nature of the 
processing activities at the Clarkson site suggests that intensive carcass exploitation is probably an 
inherent part of the Moingona phase subsistence system. However, data needed to evaluate the 




The primary objective of this research is to develop a refined understanding of the diet and 
subsistence behavior of Moingona phase Oneota villagers who lived in central Iowa between A.D. 
1260 and A.D. 1410. Current inferences regarding faunal exploitation by these people generally 
represent simple descriptive tallies of taxonomic and (seldom) anatomic abundance, wedged into a 
static subsistence model, built on outdated analytical methods largely unchanged since preliminary 
observations some thirty years ago. This is accomplished via a comprehensive, taphonomically- 
informed reanalysis of the deer remains from the Clarkson site (13WA2) in Warren County. The 
results are then incorporated into a subsistence sensitive theoretical framework in order to provide a 
new dynamic perspective on Moingona phase diet and subsistence behavior. 
Current Moingona Phase Zooarchaeology 
The nature and dynamics of the Moingona settlement and deer procurement subsistence 
system as a human adaptive strategy specific to the central Iowa environment is currently unknown. 
Current explanations of this system at large conflict with empirically based models of modern hunter- 
horticulturalist populations. This is principally a result of the current zooarchaeological methodology 
employed, masking the patterning in Oneota faunal assemblages as well as a lack of integration into a 
subsistence sensitive theoretical framework designed to interpret faunal remains as a dynamic 
decision-making process. 
Using a taphonomic approach, this research will identify all relevant processes affecting the 
formation of the Clarkson deer assemblage in order to focus on modifications caused by human 
behavior. Comprehensive identification procedures, including mechanical rutting, will provide an 
accurate representation of skeletal element frequencies and allow for comparisons between 
identification and specimen counting methods. The resulting skeletal element pattern will be analyzed 
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using economic utility values, based on their respective meat, marrow, and fat contents. Cutmark 
evidence will be examined in order to identify patterns of disarticulation and transport at the site. 
Attributes reflecting human bone fracturing will be brought forth obtain a clearer understanding of 
skeletal element within-bone nutrient processing after their return to the site. The results will then be 
integrated into an evolutionary ecology theoretical framework, that based on modern hunter- 
horticulturalist settlement and subsistence practices, will enable the comparison and discussion of 
general ideas regarding the subsistence practices of Oneota people in central Iowa. 
Traditional interpretations of the Moingona settlement and subsistence system have these 
people living in sedentary or semi-sedentary residential villages. Foraging activities revolved around 
a mixed economy including hunting of small, medium, and large game, exploitation of marsh and 
aquatic vertebrates and invertebrates, and garden-based cultivation centered on maize, beans, and 
squash. Wild plant foods including chenopodium, little barley, sunflower and marsh elder were also 
periodically gathered (Benn et al. 2003; DeVore 1990b; Gradwohl 1974; Moffat et al. 1990). 
Although based a relatively large body of archaeological data and observations, this 
subsistence model is purely descriptive and it is based on a normative approach to the interpretation 
of faunal remains recovered from archaeological sites. It is safe to say that the model has remained 
largely unchanged over the past three decades. Furthermore, most faunal assemblages show stark 
discrepancies between the numbers of identified and unidentifiable specimens, which have been 
applied as the basic unit of taxonomic and skeletal element quantification. As the research discussed 
below demonstrates, the so-called unidentifiable specimens, although physically present, are likely 
"analytically absent" (Lyman and O'Brien 1987), due to differences in analyst abilities, fragmentation 
intensity, and the zooarchaeological methods employed. Consequently, without taking these factors 
into consideration, the faunal patterning may not be an accurate reflection of the human behavior that 
produced the zooarchaeological remains. This problem currently reigns in Oneota zooarchaeology, 
with interpretations largely based on impressionistic, face-value assessments, not considering 
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taphonomic histories. Interpreting the formational history of a faunal assemblage without first 
analytically isolating relevant taphonomic factors, renders a blurred understanding of the processes 
that "we are most interested in:the behavior of the hominids as reflected in the fauna" (Marean et al. 
2000:201). 
Additionally, basic differences in documentation, quantification, and reporting protocols 
make inter-site comparisons of Moingona faunal assemblages difficult at best. Most of the available 
information provides only species abundance frequencies based on the number of identified 
specimens (NISP) to a particular taxon (e.g., DeVore 1984; 1990a, 1990b; Kelly 1990; Osborn 1982), 
the exception being Kelly's (2003) analysis of the faunal remains from the Christenson site. Oneota 
researchers working beyond the Moingona phase have provided the number of identified skeletal 
element specimens per taxon (e.g., Fishel et al. 1995; Hollinger et al. 1999; Styles and White 1993), 
with some providing more anatomical and related information than others (e.g., Falk 2004; Jenkins 
and Semken 1972; Theler 1989, 1994). 
Only by acknowledging these methodological problems can key questions regarding the 
dynamics of Moingona diet and subsistence behavior be addressed. For example, Fishel (2001:67) 
recently speculated if differential resource abundance between the Des Moines and Mississippi river 
valleys may have played a role in a hypothetical Moingona migration to southeastern Iowa (Hollinger 
2005; Tiffany 1997). However, the subsistence data needed to evaluate inter-regional patterns of 
human response to resource fluctuation are simply not available. This lack of information is probably 
due to a strong historical emphasis on ceramics and their examination. Thus, most available faunal 
assemblages from which general interpretations are based, have not undergone analyses using 
contemporary zooarchaeological methods designed to track and interpret the variability in prehistoric 
human subsistence behavior. 
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A Subsistence Sensitive Approach 
The current theoretical framework behind Oneota settlement and subsistence interpretations 
is a normative, merely descriptive approach. Most Oneota analyses focus on documenting the number 
of identified specimens to a particular taxon, and estimating the number of animals represented, in an 
attempt to calculate the total amount of meat available for consumption. This approach does not 
consider the wide range of socioecological variables influencing the decision-making dynamics 
involved in prey procurement, processing, and utilization as witnessed in modern hunter- 
horticulturalistpopu1ations. 
When focusing on faunal remains resulting from human consumption, it is critical to establish 
a paradigm that views them as the consequences of human decisions "about how to dismember, 
transport, consume, process, store, and share animals" (Binford 1978b:455) after procurement. These 
decisions are often reached in response to a problem or set of problems governed by "the man-
environment interaction and the state of subsistence security of the men at the time the problem was 
manifest" (Binford 1978b:455). While decisions other than subsistence needs may shape the creation, 
organization, and execution of faunal exploitation strategies (e.g., social organization, kinship and 
belief systems, competition), faunal remains need to be first understood in their basic physical terms, 
prior to assigning non-universal sociocultural meaning to the system responsible for their creation. 
Evolutionary Ecology provides such an explanatory framework. It is a shift from more 
traditional approaches where "methods applied in this work [archaeology] enhance ability to infer 
behavior from artifacts and context, but usually with emphasis on how behavior causes the record 
rather than on what causes the behavior itself ' (Smith and Winterhalder 1981:5}. Behavioral Ecology, 
a subset of Evolutionary Ecology, is interested in how evolutionary processes, guided by natural 
selection, shape human settlement and subsistence strategies as adaptive responses specific to 
particular environmental conditions, treating behavioral variability as context specific (Kelly 1995; 
Smith and Winterhalder 1992a; Winterhalder and Smith 1981). 
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Based on previous theoretical and empirical work on forager decision-making (e.g., Charnov 
and Orians 1973; MacArthur and Pianka 1966; Orians and Pearson 1979), Behavioral Ecology 
assumes that human foragers adapt to a specific environment and will generally attempt to optimally 
maximize a given type of currency, using a set of alternative strategies, under a variable set of 
constraints, in order to reach a given goal (Smith and Winterhalder 1992b:60). These assumptions of 
optimal foraging have been applied to hunter-gatherer and hunter-horticulturalist populations 
throughout a broad level of decision making circumstances, including subsistence related strategies 
such as food procurement (e.g., Kaplan and Hill 1985b, 1992; Vickers 1989), group hunting and its 
social implications (e.g., Hawkes 1991; Kaplan and Hill 1985a; Smith 1991:287-355), and group 
mobility and spatial organization (e.g., Cashdan 1992; Hames 1983; Vickers 1989). 
Optimality is a form of measurement in which research questions asked are based on resource 
procurement efficiency in relation to time expenditures and energy gains. Although this approach 
may be viewed as environmentally deterministic, Winterhalder and Smith (1992:20) argue that it is 
simply a less than straight forward assumption. In the sense that optimal foraging takes into account 
the variability in cultural and social constraints that construct the goals, available strategies and 
constraints surrounding a forager or foraging group. However, environmental variables need to be 
initially applied due to the inherently universal values of energy intake and expense, common to all 
organisms, including humans. Specific behavioral and cultural insights are gained by observing the 
deviation of empirical values from atheoretically-optimal model, indicating that other context- 
specific variables (natural or social) may help explain the phenomenon at hand. In other words, the 
models proposed are constantly reevaluated for their appropriateness against the observed behavioral 
phenomenon, leading to further hypothesis testing, data collection, and refinements in the 
assumptions of currency, goals, and constraints (Charnov and Orians 1973:13-14). 
The underlying question of optimality or the currency being optimized is always relative to a 
specific context. Humans unquestionably attempt to pursue optimality in decision making. Not 
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always explicit, however, is the specific goal, currency and associated constraints, in relation to 
which, a forager makes an optimal decision. Kelly (1995:55-56) provides an excellent example of the 
context-specific variability involved in optimal decision making between the Ache of Paraguay and 
Efe of Zaire. While good Ache hunters spend all day procuring game regardless of the amount of prey 
obtained, good Efe hunters will return home quickly after a prey animal is obtained. Why do Ache 
hunters maximize energy acquired by procuring as much game as possible while Efe hunters 
minimize the time required for obtaining necessary nutrition? The differences are found in the 
structure of each group's socioecological system. While Ache hunters increase fitness by directly 
trading meat for sexual favors, Efe hunters need to utilize part of their time cultivating social 
relationships associated with trade in order to acquire the material possessions necessary to make 
them attractive to women. Although the goal is the same access to females different circumstances 
lead to different strategies to solve the same problem (for case studies of differential goals and 
constraints see Alvard 1993; Hawkes and Bliege Bird 2002; McGuire and Hildebrandt 2005; 
Waguespack 2002). 
The Moingona Phase Adaptation 
Viewing the Moingona phase system specifically and Oneota generally from a decision 
making perspective seems sensible. Available datasets documenting wide ranges of behavioral 
variability among modern hunter-gatherer and hunter-horticultural populations allow for general ideas 
regarding the Moingona phase subsistence system to be tested. For example, recent research by 
Hollinger (1993:118) on Oneota residential patterns indicates that evidence for seasonal abandonment 
of settlements is largely absent, yet DeVore (1990b20) interprets the Moingona phase subsistence 
data as reflective of a constantly abundant prey-animal environment. These two inferences are in 
basic disagreement if our current understanding of Oneota subsistence is accurate. 
Horticulture is a time and labor intensive practice that leads to a decrease in residential 
mobility (e.g., Graham 1994; Kent and Vierich 1989; Vickers 1989). As the duration of occupation 
increases, the rate at which surrounding resources are systematically depleted also increase. This 
pattern radiates from the immediate core or residential location (Szuter and Bayham 1989: Figure 
8.4), to the day hunt radius (Vickers 1989:52), and eventually extending into areas where overnight or 
longer stays are required. Ethnographic accounts indicate that daily hunting forays do not range 
longer than 20-30 kilometer round trip walks from a base camp (Kelly 1995:133). Logistical trips on 
the other hand, can endure anywhere from four weeks for hunting parties and up to three months for 
trappers (Binford 1982:359). 
As the increase in resource depletion, particularly over-harvesting of prey animals continues, 
effective foraging return rates will maintain a correlating steady decline. In tuns, perceived costs 
between extending the foraging radius distance and moving to a fresh patch are evaluated. In some 
circumstances the costs of long distance procurement and the demanding labor costs involved in 
intensive nutrient extraction may outweigh the costs of relocating the residential camp, creating a 
need for periodic residential relocations in either seasonal or multi-annual intervals in search of better 
foraging conditions (e.g., Speth and Scott 1989; Szuter and Bayham 1989; Vickers 1980, 1989). 
Settlement and subsistence implications based on modern hunter-horticulturalist populations 
have not been explored and have lead to conflicting interpretations as identified above. The heretofore 
absence of comprehensive, taphonomically-informed faunal assemblages also affect the current 
interpretations of the Moingona phase subsistence system. These interpretations are based largely on 
methodologically created skeletal element patterns not reflecting the original faunal assemblages. 
In order to shed new light on the problems outlined, this research follows a program of 
attribute-based analysis aimed at understanding the formation history of the Clarkson deer remains. 
This approach will grant analytical access to previously masked behavioral patterns by isolating 
cultural as well as non-cultural processes (fragmentation, carnivore and rodent destruction, 
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preservation, weathering, etc.) responsible for creating and transforming the faunal assemblage in 
question. The results will provide ahigh-resolution baseline dataset, that when integrated into an 
evolutionary ecology theoretical approach will render a fresh insight into the foraging decisions 
responsible for the deer assemblage from the Clarkson site. 
Thesis Organization 
Chapter 2 provides a background to the research. Interpretations of general Oneota 
subsistence as well as the Moingona phase specifically are summarized, highlighting their generally 
static condition in over 30 years. In chapter 3, the zooarchaeological methods aimed at extracting the 
taphonomic history are outlined. Specific terminology is provided for methods used differently than 
in their original context. Chapter 4 provides details of this study's results. A brief comparison 
between selected methodologies is provided. Chapter 5 provides a discussion of the results, 
integrating them into an empirically based dynamic model of hunter-horticultural subsistence. The 
focus on this chapter is to integrate all the analyzed data into a cohesive representation of the deer 
exploitation activities at the Clarkson site. Inter-assemblage comparisons and their current problems 
are addressed. Chapter 6 will provide conclusions, summarizing the results discussed and the 





Oneota is a late prehistoric archaeological manifestation occurring in the Midwestern United 
States (Figure 1). The name Oneota was coined by Charles R. Keyes in 1927 to distinctive shell 
tempered ceramics found along the Oneota River (now the Upper Iowa) in northeastern Iowa (Alex 
2000; Gradwohl 1973, 1974; Harvey 1979). This archaeological culture is widespread across Illinois, 
Indiana, Iowa, Michigan, Minnesota, Missouri, Nebraska, and Wisconsin. Radiocarbon dates 
temporally bracket the Oneota archaeological culture from A.D. 1000 thru A.D. 1700 (Alex 2000; 
Boszhardt et al. 1995; O'Brien and Wood 1998). 
Oneota sites are invariably identified by their ceramic technology and motifs. These vessels 
are shell tempered, globular to elliptical in body shape, and taper at the neck. Decorations include 
straight trailed lines, chevrons, and punctates (Alex 2000; Gradwohl 1973; O'Brien and Wood 1998; 
Theler and Boszhardt 2003). The spatial distribution of Oneota sites across the Midwest is widely 
observed as being subsistence-strategic, with sites often located at the margin of the short grass Plains 
to the west and the deciduous and boreal forests of the eastern United States (Gibbon 1972; Harvey 
1979; Theler and Boszhardt 2003). The placement of Oneota sites in an equidistant, ecotone 
environment allowed for a mixed subsistence system based on hunting of game of variable size, 
exploitation of aquatic vertebrates and invertebrates, maize, beans, and squash horticulture, and 
gathering of wild plant species (Alex 2000; O'Brien and Wood 1998; Theler and Boszhardt 2003). 
Oneota in Central Iowa 
Archaeological remains classified as Oneota in the central Des Moines Valley are assigned to 
the Moingona Phase, a term derived from the 18th century name of the Des Moines River (Gradwohl 
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1967). Gradwohl (1973, 1974) reported eleven Moingona phase sites during salvage investigations at 
the Red Rock Reservoir. The presence and large number of storage pits associated with Moingona 
phase Oneota sites have been documented by various researchers (e.g., Benn et al. 2003; DeVore 
1984; Gradwohl 1973; Moffat et al. 1990; Osborn 1976). Most of the pits are basinal, cylindrical, as 
well as bell shaped features, lined with grass or straw matting. Residential structures have been 
inferred based on the presence of daub as well as the spatial patterning of features and artifacts (Benn 
1991; DeVore 1984, 1990a, 1990b; Gradwohl 1973, 1974). The presence of post holes in a 
curvilinear arrangement surrounding the remains of sixteen interred individuals at the Howard 
Goodhue site is suggestive of a funerary structure (Gradwohl 1973, 1974). Several other sites were 
found and investigated during monitoring and later salvage archaeology. Although some radiocarbon 
dates are problematic, the Moingona phase is widely accepted to be the oldest Oneota manifestation 
in Iowa, dating between A.D. 1260 and A.D. 1410 (Moffat 1998). These sites range in size from large 
permanently occupied villages to smaller seasonal and special purpose camps (Alex 2000; Benn 
1991; Moffat et al. 1990). 
Moingona Phase Subsistence Model 
Data on Oneota subsistence practices in central Iowa come from sites such as Clarkson 
(Osborn 1976, 1982), Cribb's crib (Devore 1984, 1990a), Christenson (Benn 1991; Benn et al. 2003), 
Dawson (Moffat et al. 1990), Howard Goodhue (Gradwohl 1973, 1974), Norman Dille (Moffat et al. 
1990), and Wildcat Creek (Moffat et al. 1990). Figure 3 illustrates these sites' general location and 
Table 1 provides the species types and quantities identified. Although relatively recent excavations in 
central Iowa provide more developed zooarchaeological datasets from which to draw inferences 
regarding Moingona patterns of faunal exploitation (Kelly 1990, 2003), knowledge of this practice's 
role as a component of the overall system of settlement and subsistence has not significantly 
expanded from an incipient understanding based on excavations in the mid 1960s. Inferences of 
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Moingona subsistence practices have remained unchanged Gradwohl's initial summary some 30 years 
ago. Deriving information on Moingona subsistence from excavations at Clarkson, Cribbs' Crib, 
Howard Goodhue, and Mohler Farm, Gradwohl states: 
The faunal inventory indicates subsistence hunting, fishing, and 
fowling. Initially identified are deer, wapiti, bison, canids, raccoons, 
beaver, and smaller animals, fish, turtles, fresh-water mussels, 
waterfowl, and smaller birds. Fruit pits and nuts are evidence of 
collecting. Horticulture is also demonstrated by the presence of 
maize fragments at the four excavated components. Beans and 
squash have been tentatively identified, and smaller seeds have been 
recovered. (Gradwohl 1974:95) 
More specifically: 
. . .small animals, birds, fish and turtles were probably obtained 
relatively close to the settlement and were brought back pretty much 
in their entirety. The range of body parts present for deer would 
suggest that these slain animals also were brought back to the 
settlement more or less in toto. Bison and wapiti, on the other hand, 
are much less prevalent in the faunal inventory, and the body parts 
are much more selected. It would appear that bison and wapiti were 
hunted at some distance from the settlement, that the animals were 
butchered at the kill sites, and that only selected parts of the 
carcasses were brought back to the settlement. (Gradwohl 1973:83) 
Some twenty-five years later, and based on new information from the Dawson, Norman Dille, 
and Wildcat Creek sites, Moffat reports 
[t]he mammal remains from the Dawson, Norman Dille, and Wildcat 
Creek sites were dominated by white tailed deer (Kelly 1990). The 
deer were represented by a variety of body parts, indicating that they 
were hunted in the vicinity of the settlements and brought back for 
butchering. A few bison and wapiti bones were present, but these 
seem to be curated items brought to the village sites from elsewhere. 
Wapiti remains were most commonly antler fragments, while most 
of the bison elements consisted of fragmented scapula hoes. Beaver 
and canid (dog or coyote) remains were common, but other medium-
sized mammals were rare. (Moffat 1998:182) 
These data suggest that Moingona phase Oneota subsistence-based organization strategically 
exploited the Prairie Peninsula ecotonal resources. White-tailed deer appear to have been the focal 
prey species based on their overwhelming archaeological abundance. Bison appears to have been of 
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lesser dietary importance, generally represented as curated tools such as scapula hoes. DeVore (1990) 
synthesized Moingona subsistence data from Clarkson, Cribb's Crib, Christenson, and Howard 
Goodhue, and concluded that the dominating presence of white-tail deer is due to their great 
abundance in the vicinity of the site. In DeVore's (1990b) view, the observed faunal remains are the 
result of an environment conducive to effortless procurement and processing of white-tail deer either 
nearby or at the habitation sites, while the occurrence of bison and wapiti are products of long range 
procurement resulting in only chosen transported items being present. 
According to Moffat et al. (1990), Moingona sites located in the southern Lake Red Rock 
area (Dawson, Norman Dille, Wildcat Creek) reflect possible summer occupations based on the high 
abundance of aquatic prey. Deer skeletal element representation at these sites indicate a short range 
hunting strategy, thus enabling hunters to bring complete carcasses back to the residential site for 
processing. The limited amount of bison and wapiti remains, manifest primarily as curated tools, were 
most likely obtained elsewhere and brought into the sites. Evidence of aquatic exploitation is 
represented by bone fish hooks and fish remains at Wildcat Creek as well as the presence of net 
sinkers at Dawson. Freshwater mussels were procured at Dawson and aquatic turtle remains were 
recovered at both Dawson and Wildcat Creek. Bird bones have rarely been recovered from these sites. 
Kelly (2003) interprets the faunal remains from Christenson as reflecting a winter campsite 
due to the lack of aquatic prey and apparent age at death of deer. This site yielded remains of wapiti 
and deer and a small amount of bison remains. Occupants of the Christenson site seemed to 
complement their diet by procuring rabbit, raccoon, and turkey. The low relative abundance of plains 
pocket gopher, muskrat, tree squirrel, catfish, and freshwater drum indicates occasional consumption. 
Bobcat, fox, and canids are not believed to have been part of the diet, but their presence at the site 
may indicate their use for fur or incorporation into rituals. 
Horticulture was a major activity, although its intensity is believed to have been reduced due 
to climate change (Gibbon 1972:176; O'Brien and Wood 1998 :296). Brown (1982:111), on the other 
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hand, proposed that the non-intensive nature of Oneota cultivation reflects a twofold subsistence 
strategy designed to maintain dietary security while increasing procurement of high risk game 
animals such as bison, wapiti, beaver, and muskrat. Recently, Powell (2003) recovered evidence of 
maize kernels, cupules, and glumes at the Christenson site, as well as a previously unidentified 
species of Polygonum; however, this context may only reflect a partial, seasonal occupation of 
Oneota life. Excavations at southern Oneota sites indicate that corn cultivation is prevalent and 
probably an important component of dietary nutrition (Moffat et al. 1990). 
The Clarkson Site 
The Clarkson site is located on a floodplain west of the Des Moines River in the northeastern 
corner of Warren County (Figure 3). The site was originally excavated during 1966 in connection 
with the Red Rock Reservoir project by the Iowa State University Archaeological Laboratory under 
the direction of David M. Gradwohl. Based on ceramic analysis, Nancy Osborn (1976, 1982) 
included the Clarkson site as part of the Moingona phase. Six 10 ft by 10 ft excavation units and 
extensions were excavated to depths of close to three feet (2' 7") (Figure 4). Excavation unit 
extensions were excavated to define the horizontal extent of features outside of the original 
excavation area. Fifteen features were attributed primarily to storage and later used as refuse areas. 
Lithic, ceramic, and faunal remains were recovered from features as well as from the excavation 
units. The skeletal remains of a child of 2.5 to 3.5 years of age were recovered from a feature not 
exhibiting funerary ritual patterns (Lillie 1995; Osborn 1982). Dietary remains at this site are 
consistent with a subsistence system based on hunting, gathering, as well as horticultural activities. 
The presence of 3,087 faunal remains at this site reflects the exploitation of prairie, woodland, and 
riverine environments. Over half the faunal sample was recovered from a single pit feature (Feature 
1), interpreted as a storage/refuse area (Figure 5). 
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Recovery and curation 
Recovery methods may be affecting the character of faunal patterning. Although field notes 
indicate that all faunal material was recovered, site reports (Devore 1990b; Osborn 1976:27) indicate 
that '/2-inch (12.7 mm) mesh was used to dry screen excavated sediments. The fact that approximately 
15% (NISP = 381) of the remains are smaller than this size suggests that post recovery and recent 
curation fragmentation is a problem. Further supporting the idea of a recovery size bias, is the 
frequency of recent breakage observations on approximately 27% of all bone smaller than '/2-inch 
(NISP = 1 O 1). As previously noted by Watson (1972:223) specimen fragment frequencies smaller 
than the recovery standard ('/z-inch in this case), are probably inflated and were seldom recovered, 
instead these frequencies are simply created by recent breakage during curation or storage. Recent 
breakage is clearly present throughout the deer assemblage composing nearly 20% (NISP = 507) of 
its total. It is important to note, however, that some of this fragmentation also took place during 
excavation, given the presence of trowel and shovel excavator damage. 
Similarly, close to 60% of the sample (NISP = 1,572) was excavated at level depths of 
approximately 1-foot (~30 cm) or higher below the surface. Excavation levels of such broad vertical 
provenience, although standard practice during the 1960s, tend to analytically `bury' the resolution 
required to accurately reconstruct and analyze potentially significant spatial relationships of artifacts 
associated with their initial deposition. Not meaning to fault the original excavators, these examples 
simply demonstrate that excavation and handling bone modifications are important to identify and 
further quantify in order to isolate possible methodologically constructed patterns biasing inferences 
derived from faunal assemblages. 
Previous Analysis 
Analysis is probably one of the most important phases affecting a faunal assemblage. At this 
stage, the importance of identifying all potential assemblage formation factors is unmatched. Here, 
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the analyst is armed with a myriad of zooarchaeological methods and tools developed to lift the 
taphonomic imprint overlain on a faunal assemblage (Gifford 1981). 
For example, Osborn (1976:99) states that the faunal remains were identified by an 
"undergraduate student [E. Arthur Bettis] specializing in zooarchaeology." It is possible that a 
combination of the analyst's experience level, accessibility to appropriate comparative collections, 
time constraints, as well as the relative importance of faunal data and its methodology at the time, 
may have affected the inferences drawn from the original sample. This can be evaluated by a 
comparison. The original NISP totaled 171 representing 12 different animal species, including 119 
deer NISP (Osborn 1976:99-101). In contrast, this analysis identified nearly 85% (NISP = 2613) of 
the total assemblage as belonging to deer species. Element identifications initially equaled 364 after 
refitting NISP increased to 702. Specimens benefiting the most were those measuring between 10-14 




As stated earlier, the current Moingona phase subsistence model is largely descriptive, and it 
is based on a normative approach to the interpretation of faunal remains that has remained unchanged 
in over 30 years. Lacking taphonomic analyses, non-human processes affecting the formation of these 
faunal assemblages are for the most part unknown. Additionally, many assemblages show severe 
discrepancies between the numbers of identified and unidentifiable specimens (Table 32) largely due 
to fragmentation. Analytically ignoring these unidentifiable fragments is likely producing an 
inaccurate skeletal element representation pattern. Without consideration to the above factors, the 
interpretations derived from faunal patterning and observed attributes may not be correctly reflecting 
the human behavior that produced the zooarchaeological remains. 
The methodology developed for the Clarkson deer assemblage is geared to extract essential 
zooarchaeological data using established methods and interpretative frameworks. The aim is to 
unravel the taphonomic history and assemblage formation agents embedded within the recovered 
sample, in order to analytically segregate the human behavior involved. Below, the documentation 
and identification protocols, modification attributes collected, and quantification units used will be 
described. Further, an interpretative framework based on skeletal element economic utility, mainly 
meat, marrow, and fat content is provided, as well as an analysis of its spatial distribution. 
Identification and Documentation 
Identification of skeletal elements was partly aided by the Iowa State University 
Archaeological Laboratory faunal collection as well as the author's own. After identification, a 
tripartite descriptive classification system is used recognizing "three separate aspects of information 
which are recorded for each bone specimen" (Gifford and Crader 1977:225) including element 
(originally presented as "body part"), portion of the element, and segment of the given portion. The 
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general format of the coding system and attributes collected mirrors previous taphonomically oriented 
analyses (e.g., Hill 2001; Rapson 1990; Todd 1987), and was modified to suit the Clarkson deer 
assemblage. Element specif c identifiable landmarks were also recorded following Morlan (1994) in 
order to perform density mediated testing as well as to enable identification of fragmented elements. 
Density Mediated Attrition 
In order to explore the influence of the skeletal element's taphonomic strength expressed as 
volume density, in shaping the relative abundance of skeletal elements, identified landmark 
frequencies were paired alongside their respective volume density scan site (Lyman 1984; 1994b:245-
248) and evaluated using Spearman's rank-order correlation coefficient rs or Spearman's Rho (Morlan 
1994:804). 
Bone Modifications 
Attributes collected are directed at identifying human and non-human taphonomic agents 
transforming the assemblage after deposition, including breakage type, root etching, rodent and 
carnivore gnawing, sub-aerial weathering, burning, number and location of cutmarks, and percussion 
generated damage. These are described below. 
Root Etching, Rodent Gnawing, Burning, and Subaerial Weathering 
These modifications are recorded on the basis of presence or absence for root etching and 
rodent gnawing. Subaerial weathering recording followed stages developed by Behrensmeyer 
(1978:151) and later modified by Todd (Todd 1987:120; Todd et al. 1987: Table 3.3). Burning 
followed recording protocols in Hill (2001:267), with the addition of a `browned' code for fragments 
not carbonized or calcined but demonstrating some light burning. These attributes will provide 
"essential clues about the timing of bone fracture" (White 1992:119), its duration on a site's surface, 
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and will help gauge the potential retention of cortical marks. For further discussions of root etching 
see Lyman (1994b:377), White (1992:119, Figure 6.1), and Binford (1981:49-51, Figures 3.07 and 
3.08). Lyman (1994b:195) and Alexander (1956) provide information on rodent gnawing. 
Carnivore Modification 
Classic works by Brain (1967; 1969) demystifying patterns of bone destruction often 
interpreted as human induced, has influenced research attempting to understand the effects of 
carnivore feeding on faunal assemblages (e.g., Binford 1981:51-86; Haynes 1980). Binford (1981:72, 
Figure 3.44) provides an example of misidentified archaeological signatures, arguing that modified 
bones interpreted as humerii "fleshers" by Frison (1974) are in reality naturally created by wolves and 
dogs during bone gnawing sessions. Recently, Marean and colleagues (Blumenschine and Marean 
1993; Marean and Assefa 1999; Marean and Kim 1998; Marean and Spencer 1991) have successfully 
argued that carnivore modification, if not considered fully, can have a masking effect on true element 
frequency patterns. Along with the notation of presence and absence of carnivore marks on the 
Clarkson assemblage the shaft to end ratio developed by Blumeschine and Marean (Blumenschine 
and Marean 1993a:275) is used to gauge the degree of carnivore damage to the faunal assemblage. 
Cutmark Frequency 
To understand patterns of disarticulation and butchery as witnessed in the Clarkson 
assemblage Cutmarked bones were documented and tallied in order to understand the relationship 
between bone frequencies and the presence of cutmarks on various portions of the skeleton. Models 
of disarticulation, skinning, and defleshing are used as analogues of processing (Binford 1981). These 
are tallied and displayed by proportion of skeletal elements displaying cutmarks to their respective 
sample. The analytical unit to view and analyze cut elements is the articulation joint (Lyman 2005). 
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Breakage 
Documentation of breakage patterns are designed to capture the relative timing of the fracture 
in question. Differentiation is given to green, dry, and recent breakage. Further, attribute codes 
reflecting percussion breakage studies (Binford 1981; Bonnichsen and Sorg 1989; Fisher 1995; White 
1992) were intended to capture the degree of percussion breakage to which the assemblage was 
submitted. These codes include inner-conchoidal breakage, crushing, percussion pits, crescent shaped 
microcracks, adhering flakes and peeling (Hill 2001; White 1992). 
Quantification 
Basic quantification units NISP, MNI, MNE, comprehensive MNE, MAU, and %MAU are 
used in this analysis (see Lyman 1994a; 1994b for general definitions). Given that a number of 
analysts may some of these units differently, and in reviewing the Oneota literature, it is obvious that 
others do not use some at all (e.g., Kelly 2003; Styles and White 1993; Theler 1994); their definition, 
derivation and quantification use is specified below. A refitting program is also incorporated in order 
to view differences in specimen identification and quantification before and after refitting sessions. 
Mechanical Refitting 
The purpose of this exercise was born out of an innate necessity to identify heavily 
fragmented specimens or otherwise allow represented skeletal elements succumb to analytical 
absence (Lyman and O'Brien 1987). Previous work on refitting is discussed by White (1992:68-69). 
All specimens identified to element were laid out on tables at the Iowa State University 
Archaeological Laboratory, next to "unidentified" specimens and attempted to refit following 
procedures outlined by White (1992:69-72). If specimens were successfully refitted, they were coded 
again and all attributes collected once more. Information previously collected was kept and labeled 
"identification prior to refitting." If a refit is not successful, it is either because there is some degree 
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of overlap between the specimens, or they simply have a low potential for refitting together. Although 
possibly having been a part of the same specimen at one point some specimens are now fragmented 
enough to not confidently be able to tell even after refitting attempts. This technique is known as 
mechanical refitting based on Todd and Frison's work (1992), a group or set of refitted pieces are 
referred to as a conjoin (Rapson 1990). 
Number of Identified Specimens NISP 
In order to empirically summarize the composition of the Clarkson assemblage and be able to 
gauge all attributes mentioned above the basic quantification units used are NISP, the most basic 
counting unit in a zooarchaeological assemblage. In this study NISP is used to refer to the number of 
identified specimens to a skeletal element. If the need arises, NISP will also be used to refer to a 
specific taxon, however, this will be made explicit prior to use. Its uses and potential problems have 
been discussed in great detail by Grayson (1984), and by Lyman, (1994a; 1994b). 
Minimum Number of Elements MNE 
This is the minimum number of skeletal elements, represented by the identified specimens in 
a particular assemblage (see Marean et al. 2001 for a detailed summary). For the purpose of this 
thesis, and unless otherwise specified, MNE refers to complete bones or the highest representation of 
a particular bone. At times, when it is necessary to describe parts of bones, MNE will be specified, for 
example the number of proximal femora, or the number of left or right distal tibiae. Additionally, a 
technique developed to raise element identification accuracy and aid in MNE calculations is recording 
element specific landmarks and tally them is followed as proposed by Todd and Rapson (1988) and 
outlined by Morlan (1994). 
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Comprehensive Minimum Number of Elements cMNE 
Perhaps the most accurate manner of determining skeletal element counts in an assemblage is 
to manually check for physical overlap of similar specimens after coding and landmark identifications 
have been exhausted (Bartram and Marean 1999). This procedure results in a comprehensive method 
to quantify the minimum number of elements represented or cMNE and has resulted in accurate 
skeletal element counts by researchers employing it (Bunn and Kroll 1988; Marean and Kim 1998). 
Comprehensive Minimum Number of Individuals cMNI 
Zooarchaeologists have traditionally attempted to quantify the amount of meat-by-the-pound 
available to its prehistoric subjects (White 1992). Thus the number of individual animals was of 
relevance, and still is for various intents and purposes. The same procedure is applied as when 
determining MNE, except that element side is taken into consideration, since an animal only has one 
left and one right of any paired element, then, estimation can be derived. Determining MNI from 
comprehensive MNE has been termed comprehensive MNI. 
Minimum Number of Animal Units—MAU 
This unit was originally termed MNI by Binford (1978b:70) then changed to MAU (Binford 
1984), and is geared to identify frequency patterns of differential transport of animal parts in a 1:1 
ratio, relative to however often the elements in question appear in an animal, regardless of side. And 
it is derived by dividing the number of elements regardless of side by the number of times that 
element occurs on the animal. This is used to collapse or deflate the distortion created by elements 
occurring in higher frequencies than others, but still represent one individual animal unit. After all 
MNE are calculated in to MAU, this unit is usually ranked by converting it to apercentage—relative 
to the highest MAU value in the assemblage. 
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Skeletal Element Economic Utility 
Based on hunter-gatherer subsistence economies and animal procurement, transport, and 
processing behavior (Abe 2005; Binford 1978b; Bunn 1993; Kelly 1995; Monahan 1998; O'Connell 
et al. 1990, 1992), relationships between skeletal element abundance and their respective economic 
utility (meat, marrow, and grease) are apparent, and have proven to be good initial step into 
understanding the logic behind the behavioral dynamics responsible for their patterning. Until 
Madrigal and Holt's (2002) deer meat and marrow yield measurements, Binford's simplified caribou 
utility data, other wise known as the Food Utility Index (FUI; Metcalf and Jones 1988), has been the 
standard analogue for archaeologists analyzing deer assemblages (Kelly 1997, 2003; Pauketat et al. 
2002; Purdue et al. 1989; Styles and Purdue 1991, 1996). For purposes of this study, available deer 
yield data obtained from Madrigal and Holt's (2002) is used, in conjunction with Binford's original 
grease values and compared to its subsequent modifications (Jones and Metcalfe 1988; Metcalf and 
Jones 1988) and Brink's (1997) long bone fat percent. 
Spatial Autocorrelation of Economic Utility Values 
In order to assess spatial distribution patterns, and .the degree of spatial proximity and clustering of 
skeletal elements based on their economic utility values, the Clarkson site will be evaluated for its 
level of spatial autocorrelation. The concept of spatial autocorrelation can be explained as the degree 
of spatial proximity between two or more pairs of correlated variables. In other words, spatial 
autocorrelation evaluates whether correlated variables are spatially near one another under the null 
hypothesis of "no spatial autocorrelation". The alternative hypothesis of spatial autocorrelation 
focuses on spatially patterned correlated variables. The main focus is on positive spatial 
autocorrelation, where high values are systematically surrounded by other high values, or where low 
values are surrounded by other low values. These High-High or Low-Low sets of values are defined 
as clusters. The values are usually plotted against a spatially weighted or lagged variable. The spatial 
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lag is defined as the average value of the variables spatially surrounding the variable in question. 
Additionally, spatial autocorrelation is present when the statistic (Moran's ~ is an extreme value 
when compared to values expected for the null hypothesis. 
There are two methods of analyzing spatial autocorrelation at the global and local levels of 
Moran's I. Global Moran's I assesses the level of spatial autocorrelation of the dataset as a whole. 
Moran's I for N observations on a variable x, with observation xi at location i, is expressed as: 
I = (N/So) ~~ ~i ~'~i~X~-~) ~XJ-f~)~~~ ~X~-µ)2
Where ,u is the mean for the x variable, w;j are the elements of the spatial weight matrix, and So is a 
normalizing factor equal to the sum of the elements of the weights matrix: 
So = ~~ ij 
While LISA (Local Indicators of Spatial Association) as introduced by Anselin (1995), is a 
local application of Moran's I. Local I; measures the degree to which a target value is similar to the 
values displayed by adjacent locales. Unlike global 1, however, the local version measure the 
similarity between each target value and the values within its neighborhood. After Anselin (1995), 
local Moran's I; is defined as: 
I ; _ (Z;lm2) X ~jwijZj 
where z; and zj are deviations from the mean of variable X, m2=~;(z;2/n) as a second moment, and w;j is 
a binary spatial weight matrix in which each pair of neighbors is assigned a one and each non-
neighbor pair is assigned a zero. Local Moran's I; is large and positive when x; is similar to adjacent 
values xj; large and negative when x; and neighboring values xj are dissimilar; and approximates zero 
when no spatial autocorrelation exits between x; and neighboring xj. 
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Spatial Autocorrelation in Archaeology 
The premise behind spatial autocorrelation is similar to Tobler's "first law of geography", 
where "everything is related to everything else but near things are more related than distant things" 
(see Tobler 2004). Its potential for archaeological analyses was initially proposed by Tobler (1977), 
suggesting that cultural variables are probably measurable by their similarities depending on their 
respective geographical location. Later, Whitley and Clark (1985) pioneered the application of 
autocorrelation to archaeological spatial analysis, presenting hypothetical and actual tests for global 
spatial autocorrelation statistics, using Moran's I (Moran 1950), in archaeological examples of dated 
monuments at lowland Classic Maya sites. Later, Kvamme (1990) applied adistance-based version of 
Moran's I to the same point-distributed terminal long-count data set. The most significant departure of 
Kvamme's analysis is an inverse distance weight matrix. According to this method, terminal dates 
located relatively close to one another are assigned heavier spatial weights than dates separated by 
greater distances. Recently, Premo (2004) applied the use of local spatial autocorrelation and LISA 
(local indicators of spatial association), as outlined by Anselin (1995), to the Terminal Maya 
monumental data in order to produce a finer resolution and further strengthen the interpretations of 
archaeological spatial distribution data. 
Spatial Autocorrelation at the Clarkson Site 
The Clarkson site will be tested for the null hypothesis of no spatial autocorrelation using 
mean element economic variables between provenience context, that is, features and excavation units. 
Mean element utility by provenience is calculated by multiplying each skeletal element expressed as 
MAU within a specific feature or excavation unit, by its respective economic utility value. Carcass 
utility values used are meat, marrow, and combined meat and marrow gross yields (Madrigal and Holt 
2002) as well as long bone fat %, as a proxy for grease yield (Brink 1997). Values are summed and 
then divided by the total number of MAU contained in a specific provenience context (Broughton 
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1999; Nagaoka 2005), providing the mean economic values for all features and surrounding 
excavation units. Each provenience figure will then be ranked as a percentage, relative to the highest 
provenience value. Global spatial autocorrelation of ranked utility values by provenience will then be 
examined using the Moran's I statistic. If positive, LISA, or localized Moran's I, will be used to 




General Characteristics of the Deer (Class III) Assemblage 
Table 2 summarizes size classes III and IV (Brain 1981:Table 1) game animals identified. 
They include faunal remains of bison (Bison bison), wapiti (Cervus elaphus), and white-tailed deer 
(Odocoileous virginianus). The deer assemblage is composed of 2, 613 bone fragments, of which 
approximately 27% (NISP = 702) have been identified to skeletal element, thus greatly surpassing the 
original figure of 119 specimens (Osborn 1976:100). No fewer than 9 individual deer are represented, 
a slight increase in the original estimate of seven animals (Osborn 1976:100). Long bone shaft 
fragments comprise roughly 30% of the assemblage, followed by the unidentified category 
encompassing approximately 29% of the remains (Table 3). The NISP of all large to medium size 
animals by provenience are provided in Table 4, and Table 5 provides identified deer skeletal element 
frequencies by feature and excavation unit. Table 6 provides the total number of identified specimens 
(NISP), comprehensive MNE (cMNE) and the derived MAU, and %MAU. The minimum number of 
elements (cMNE) by feature and excavation unit is provided in Table 28. Nearly 59% of the deer 
assemblage (NISP = 1538) was recovered from Feature 1, a circular shaped pit measuring 
approximately 3.8 ft in diameter and excavated to a depth of 2.3 ft below its `orifice' (~2 ft below 
surface). Six of the nine individual deer were also recovered from Feature 1. The remaining 
individuals (n = 3) were recovered from adjacent excavation units (EU3 and EU4; Figure 4). The 
assemblage appears to exhibit exceptionally good cortical preservation allowing the identification of 
various human and non-human inflicted modifications. 
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Mechanical Refitting 
A total of 224 specimens, representing 78 conjoin groups, were indentified. Table 7 provides 
a detailed summary of all conjoins by skeletal element. The increase in identifiability due to refitting 
is simply exponential. This has been recognized elsewhere whenever applied. Bunn (1982:40) for 
example, states that after refitting, "a minimally identifiable miscellaneous limb shaft specimen could 
be instantly and unambiguously propelled to the higher status of a parmuarlius left femur shaft!" 
Marean and Kim (1998) successfully utilized refitting when attempting to understand subsistence 
patterns of people during the Middle Paleolithic. Although refitting, in the sense of re-attaching one 
specimen to another or all specimens to at least one other, works directly to increase identifiability 
once a conj oin is reached, it also increases identifiability by enabling the analyst to recognize minute 
morphological nuances of a heavily fractured piece previously unidentifiable. This aids in future 
identifications by suddenly becoming a learned `fingerprint', enabling its secure identification during 
any following encounters. 
This is best exemplified in Table 8, where 113 specimens, not successfully matched were 
identified to element as a result of the success of other refitted fragments with similar morphology 
(Figure 6). Creating a total identifiability increase of 93% (n = 337) over the assemblage prior to 
refitting for a total of 701 specimens identified to skeletal element. This increase is statistically 
significant (t = 2.74, p <.005; Table 9) and appears to produce the highest results as maximum length 
decreases. These results are agreeable the analytical absence mentioned earlier, where, although 
elements are present in the assemblage, they are completely absent from analysis due to their 
fragmentary state (Figures 6 and 7). 
This exercise is certainly not meant as a critique of other research not employing refitting. 
These sessions were simply borne out of desperation from having half of a shoebox of identified 
specimens, next to a packing-box filled with unidentifiable deer fragments. Implications from this 
simple form of "curation technique" (Marean and Kim 1998 : S 109) brings questions to bear on the 
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interpretations of current assemblages holding highly fragmentary specimens and an unbalanced 
distance between the number of identified vs. unidentified specimens. 
Skeletal Element Abundance 
Minimum Number of Elements 
Although initially based on NISP and the tripartite coding system, cMNEs resulted from a 
combination of element-specific landmark identification, fragment overlap, and manual refitting, and 
it is summarized in Table 6. Cranial elements are represented by at least 1 set of antler, 1 cranium, 
and 4 mandibles. Post-cranial axial elements include 9 cervical, 6 lumbar, and 3 thoracic vertebrae. 
Additionally, no less than 5 ribs, 2 caudal vertebrae, and 1 sacra are also represented. Forelimb long 
bones include scapula (MNE = 1), humerii (MNE = 8), radii (MNE = 12), ulnae (MNE = 10), and 
metacarpals (MNE = 12). At least 62 carpals are present. Hindlimb long bones include femora (MNE 
= 4), tibiae (MNE = 3), and metatarsals (MNE = 10). Tarsals include 9 astragalii, 7 calcanea, 8 fused 
central and 4th tarsal, 6 fused 
2nd and 3rd tarsal, and 2 first tarsals. At least 1 patella and 3 innominate 
bones are also represented. Digital bones are represented by first (MNE = 21), second (MNE = 11), 
and third (MNE = 7) phalanges of the 2nd and 3rd digits; at least 5 phalanges from the 1St and 4th digits 
are also represented. Additionally, a minimum of 10 sesamoids are present. 
Minimum Number of Individuals 
In order to obtain an accurate estimate of the individual animals represented, comprehensive 
MNIs were determined. These are derived from cMNE frequency calculations and take side into 
consideration. Radial and intermediate carpal counts (MNE = 14; L = 8, R = 6) indicate that at least 8 
individual deer are represented. Refitting procedures of heavily fragmented portions of the 
intermediate carpal allowed visual inspection of bilateral symmetry. Matched pairs totaled an no less 
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than 5 individual animals, while non-matched single elements indicate that at least 4 more individual 
animal carcasses are represented, increasing the site's MNI to 9 deer. 
Minimum Number of Animal Units 
Table 6 provides a summary of MAU frequencies and %MAU in relation to its corresponding 
NISP and MNE values. Figure 8 illustrates the Clarkson assemblage skeletal element abundance 
expressed as %MAU. In order to simplify the plot and reduce the amount of background noise created 
by elements known as "riders" (Marean and Frey 1997), some elements were intuitively aggregated. 
Carpal and tarsal values are represented by their highest MAU value, and the atlas and axis vertebrae 
were integrated with all other cervical vertebrae. As a starting point, it appears that greater element 
abundance belongs to the forelimbs. The axial skeleton is the least represented group. Specifically, 
elements belonging to the head are not well represented. 
Post-cranial axial elements show similar abundance patterns to the cranial portions 
represented. The atlas exhibits a similar relative frequency as the mandibles (MNE = 2), indicating 
that no less than two animals are represented by each relative frequency value. The axis, and 
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cervical and all thoracic vertebrae witness a sharp decrease in abundance to 3.3 %MAU. Ribs 
(%MAU = 5.49) and sternabrae (MAU = 0) are also not well represented within the assemblage. A 
relatively sharp increase to 14.3 %MAU occurs with the lumbar vertebrae and plateaus toward the 
sacrum, after which frequencies decrease with the caudal bones (%MAU = 5.7). Forelimb relative 
MAU frequencies begin a sharp climb, with scapulae only accounting for 7.1 % of the MAU ratio. 
This is followed by a drastic increase in humerii frequency (%MAU = 57) followed by another 
increase in radii frequency (85.7%). 
Abundance is then reduced by the ulnae to 71.4% and yet again when ulnar carpals match 
frequency with humerii at 57.1 %. The highest abundance niche is co-occupied by the intermediate 
and radial carpal, each at 100% (MNE = 14), then decreasing with the lower row carpals to 50%. 
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Metacarpal bones reach high frequency matching the radii at 85.7 % (MNE = 12). As a whole, 
hindlimb bones are not well represented. Even so, the higher portion of this "package" mainly 
composed of the innominate bone, femora, and tibiae are relatively scarce to non-existent. Frequency 
increases begin with the tarsal bones (astragalii, calcanea, fused central and 4th tarsal and fused 
2nd 
and 3rd tarsal) representing 43-64 %, with the exception of the minute fourth tarsal represented as 
approximately 14%. The metatarsal represents the highest abundant hindlimb element in the 
assemblage (%MAU = 71.4, MNE = 10). Phalanges are represented in relatively low frequencies 
when compared to the hindlimb and certainly when compared against forelimb bones. The first 
phalanx is of highest abundance at 37.5%, surpassing all axial (%MAU<29), scapulae (%MAU<10), 
and upper hindlimb (%MAU<29) relative frequencies. 
Taphonomic History of the Deer Assemblage 
In order to unravel the formational history of the Clarkson deer assemblage, the methodology 
developed aimed to identify the possible taphonomic agents embedded within the recovered sample in 
order to analytically isolate and interpret the human behavior involved. Below, the results of all bone 
modification attributes described in the methods section are presented. 
Density Mediated Attrition 
Correlation coefficient results are summarized in Table 10 and show a slightly strong and 
statistically significant correlation coefficient associated with the complete assemblage, suggesting 
that density mediated destruction may have played a role in shaping skeletal element abundance. 
However, when individual elements were considered, negative correlations and p values >.OS for 
radii, humerii, metacarpals, tibiae, calcanea, and vertebrae indicate that bone volume density is not a 
statistically significant influence on these elements' relative abundance. Positive correlations occur 
for femora, metatarsals, and phalanges; however, they are not statistically significant at p >.05. On the 
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other hand, strong positive correlation coefficients occur for scapulae and innominate bones. 
Although the majority of individual elements do not indicate a strong influence of density mediated 
attrition, the complete assemblage correlation coefficient weakly suggests the complete opposite 
scenario. 
In order to find the cause of the volume density influence on the assemblage, landmark 
frequencies were grouped within their respective skeletal element category and systematically 
excluded from the assemblage Spearman rank-order analysis. When removed, all element groups 
produced similar results leaning toward a volume density bias. However, when the vertebrae were 
removed, the rs coefficient changed drastically from a statistically significant (p < .01) rs - .499 to rs
.339 with an associated p value < .05, > .01. This pattern may be due to a low frequency of vertebrae 
present during initial deposition or an identification bias due to heavy fragmentation. Although the 
former is a possibility, the latter can be related to approximately 40 fragments under the unidentified 
vertebrae category (Table 11) represented largely by centrum fragments and unidentifiable vertebrae 
epiphyses. Due to fragmentation, these vertebrae fragments were not identifiable to specific element, 
thus are analytically absent from the landmark frequency (and MNE) counts but would probably 
significantly increase vertebrae landmark abundance. Conjunctively, the exceptionally well-preserved 
bone cortical surface, lack of a relationship between high volume density and individual element 
landmark frequencies and the complete assemblage suggests that density mediated, in situ, attrition 
did not heavily influence the skeletal element abundance in this assemblage. 
Non-Human Modification 
Subaerial Weathering 
The overall excellent visual preservation condition of the assemblage appears to be verified 
by weathering stage class distribution. The majority of the Clarkson sample does not display 
weathering attributes (~95% Stage 1, NISP = 2471; Behrensmeyer 1978; Todd 1987), while 
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approximately 4% (NISP = 107) displays weathering stage 2 patterns. Weathering stages 3 and 4 
combined are represented by slightly over 1% of the sample (NISP = 35). 
Rodent Modification 
The presence of rodent modification usually signifies a relatively extensive exposed temporal 
duration of the material. A diminutive 0.7% (NISP = 17) of the sample demonstrates characteristics 
of rodent gnawing (Table 12), not significantly affecting bone cortical surface, masking any possible 
behavioral attributes (e.g., cutmarks). The limited rodent activity observed also supports the idea of a 
relatively rapid burial following initial deposition, since available dry bone for gnawing appears to be 
limited. 
Root Etching 
Root etching is the least dominant taphonomic affect of the Clarkson deer assemblage, 
encompassing approximately 6% of the sample (NISP = 15; Table 12). Distribution amongst 
identified specimens does not seem to discriminate between them, spanning relatively evenly across 
represented elements. This damage occurs largely on long bone fragments (NISP = 6) as well as on an 
ulnar fragment and two metacarpal specimens. 
Burning 
Burning in all stages was observed on approximately 11 % (NISP = 300) of the analyzed 
assemblage (Table 13). This figure fits well with Osborn's (1976) reported 326 burned specimens out 
of the total 3,087 recovered ( 10.5%). Table 13 shows that nearly 10% (NISP = 246) of the identified 
specimens are calcined or conjunctively carbonized and calcined. Lightly burned (browned) 
specimens compose 1.5 % (NISP = 38), while carbonization alone was less than 1% (NISP = 16). 
Burning intensity probably increased specimen fragmentation, contributing to the "analytical 
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destruction" of bone, by rendering it unidentifiable due their small size (Lyman 1994b:391; Lyman 
and O'Brien 1987), explaining the abundance of bunged specimens unidentifiable to skeletal element 
(256 of 300). Most identified burned specimens do not seem to reflect an element bias, and appear 
randomly distributed throughout all skeletal elements. Forelimbs are also most abundant (next to 
phalanges) reflecting overall relative frequencies. Table 14 provides burned long bone portion 
frequencies; except for distal radii, variability in long bone portions represented also seems to reflect 
their respective relative frequencies. Identifiability due to burning fragmentation however, may also 
play a large role in forming the patterns described, as of right now, that role is unknown. 
Carnivore Modification 
Carnivore modification is exhibited in less than 4% of the identified specimens (NISP = 94; 
Table 15). Metacarpals hold the highest frequency of elements displaying carnivore modifications 
(NISP = 14), this is a small figure relative to the total metacai~al NISP (16%). The remaining 
forelimb fragments are represented by relatively small percentages of their respective NISP. Showing 
signs of carnivore modification are 9% of all humerii fragments, 5% of all radii, and 12% of all ulnae 
represented. The sum of all carpals shows carnivore damage ~-4% of the time. Calcanea (62.5%), 
astragalii (45 %), and fused central and 4th tarsal (3 3 %) have the highest carnivore damage percentage 
when compared to their respective total NISP. Tibiae have a high proportion of represented with 
carnivore marks (NISP = 2) in the form of shaft fragments, however, the population of tibiae is very 
small. A similar carnivore mark pattern occurs with the femur (NISP = 1). Metatarsals did not show 
any carnivore marks, oddly being the most abundant hindlimb bone. 
In general, long bone fragments contribute relatively little to the carnivore damaged 
assemblage composing ~1.5 % of their respective NISP, as well as < 1% (NISP = 12) of the complete 
assemblage. Further, Binford's brief observation on differential canid bone destruction occurring at a 
natural kill and at a scrap-fed dog yard deserves more attention. Simply, a carnivore's foraging 
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priority across a complete carcass should embody different rankings than when foraging across 
human leftovers indeed a "shortened menu of parts" from which to choose (Blumenschine and 
Marean 1993a:275). Using Blumenschine and Marean's (1993a:283-288) epiphyses/shaft fragment 
ratio (ep: sh ratio) and tooth-marked-shafts%, the Clarkson assemblage can be measured against 
experimental assemblages each differently affected by a varying set of modification sequences 
including combinations of hammerstone breakage and carnivore ravaging ofnutrient-plenty as well as 
depleted skeletal elements. Results are comparable with one of the hammerstone-only assemblages 
having a high ep:sh ratio of .67 and a low tooth marked percentage of 3.60. Ratios and percentages 
for individual long bones are provided in Table 16. Based on modified element frequencies and 
comparisons against experimental assemblages, it appears that carnivore ravaging played an 
insignificant role in the formation (or destruction) of the Clarkson deer assemblage. 
Human Modification 
Cutmarks 
Cutmarks are present on nearly 7% (NISP = 176) of the specimens (Table 12). Close to 69% 
(NISP = 121) of all cutmarked specimens are identified to skeletal element. Unidentified long bone 
fragments constitute 21 % of the cutmarked population (NISP = 37). 8% of all cuts (NISP = 14) are 
observed on unspecified unidentified fragments, while flat bone fragments exhibit 2% (NISP = 4). 
Hindlimb elements show cutmarks in approximately 26% of their frequency (n = 39) while close to 
15% (n = 53) of the forelimbs were observed exhibiting cutmarks (Table 17). Table 18 provides the 
number of cutmarked specimens by end portion or shaft, as well as their connecting carpals/tarsals. 
Cutmarks across all specimens and their respective identification levels relative to their individual 
element abundance expressed as NISP are provided in Table 12. 
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Cuts by Joint 
Elements are grouped by joint Lyman (Lyman 2005:Table 1) and are analyzed and discussed 
in that order (Table 19). This organization simply groups skeletal element portions of major 
articulation points where dismemberment marks have a high probability of preserving. For example, 
the shoulder joint is composed of the distal scapula (glenoid cavity) and the proximal humerus; the 
elbow joint is composed of the distal humerus and proximal radius and ulna. The metapodial-
phalange joint was added to Lyman's joints . 
The shoulder joint, is represented by one cutmarked proximal humerus (11 %). The elbow 
joint is represented by approximately 8% of its identified specimens wielding cutmarks. The wrist 
joint, on the other hand, has the highest proportional representation of cutmarked elements of the 
forelimb, having observed cutmarks on slightly over 18% of the sample. The hindlimb composes 
close to 43% of all cutmarked specimens (NISP = 33). The hip joint is represented by two cutmarked 
proximal femora out of six NISP. No portions of the acetabulum (NISP = 6) were observed wielding 
cutmarks. The knee joint holds the least amount of cutmarked specimens in proportion to their 
respective NISP (6.3 %). It is represented by 1 of 8 distal femora, and 1 of 7 proximal tibiae, and 1 
uncut patella (NISP). In contrast, the ankle joint contains the highest number of cutmarked specimens 
in the assemblage (39%). Proportional differences in element fragment frequencies exhibiting 
cutmarks, are significantly different across all articulation joints (x2 = 31.6, p <.01, df = 6), but 
specie cally between joints of the front and hindlimb (x2 = 15.8, p < .O l , df = 1) mainly the elbow 
and ankle joints (Table 20). 
Refitting and Cutmarks 
The importance of refitting has been demonstrated for skeletal element frequencies, 
identification (this study), and urged for its use during cortical surface modification analysis (Abe et 
al. 2002; Marean et al. 2004:93). Recently, several researchers have questioned the use of MNE and 
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its derived values, for skeletal frequency quantification (Grayson and Frey 2004; Stiner 2005) and 
cutmark analyses (Lyman 2005), successfully proposing that relationships between NISP and MNE 
based units are statistically significantly similar and redundant. In light of this information, and in 
order to proceed with utmost epistemological sensibility, the NISP-based carcass butchery patterns 
provided above and in Table 19 are tested against cutmarks recorded and quantified after conversion 
to cMNE. This sidestep is necessary only to ensure that the butchery patterns drawn are accurate and 
not a product of the methodology imposed, as are some element frequency results prior to refitting. 
The cMNE tallies reduce potential cutmark overestimations caused by fragmentation (Figure 9), the 
following comparison will gauge whether quantification by these units are significantly different. 
Table 21 presents cutmarks tallied by element. 
One obvious observation is that the frequency of observations in both the number of portions 
and number of portions showing at least one cutmark (NISPcut or MNEcut) decreases as a function of 
cMNE and refitting. These decreases signify a reduction in potential over estimation. The assemblage 
incurred a total increase in ratio of total units to total units having at least one cutmark, from nearly 
18% to close to 30% (+12%). Proportionally, visual inspection indicates that the shoulder joint 
incurred the largest percentage change (+22.2%) when the analytical unit was changed from NISP to 
MNE. In contrast, the hip joint suffered a decrease in proportion after counting units were switched (- 
2.4%). Individual element portions taking on largest relative variations include fused central and 
4th 
tarsal (+38.9%), proximal humerii, (+37.5%), and proximal metatarsals (+20.9%). Paired, two-sample 
t-tests for the mean, performed for the individual element and for the articulation joint categories 
indicate that frequency as well as proportional changes between the NISP and MNE displaying 
cutmarks are statistically significant (Table 22). Strongly suggesting that NISP based analyses are 
probably capturing patterns partially biased by the methodology employed in this case, they are 
highly influenced by high NISP counts induced by the elevated level of bone fragmentation. 
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The influence of the quantifying methodologies employed, are better witnessed when 
identical chi-square tests are performed again, this time using cMNE values. Chi-square testing shows 
that all previously non-statistically significant joint groups remained insignificant. On the other hand, 
only one of the two statistically significantly different groups, the ankle joint, remained as such 
(Table 23). In contrast, after cMNE counts are applied, the proportional number of cutmarked 
elements from the elbow joint are no longer statistically significantly different than all other joints 
combined (Yates corrected x2 = 6.78, p > .05, df = 1; Yate's corrections is used to rectify distortions 
occurring in chi-square 2 x 2 tables resulting from expected frequencies fewer than 10 but greater 
than 5). Initial chi-square observed NISP values for elbow portions (Table 20) are clearly represented 
at a lower proportional frequency (7 of 79) than its expected value (~ 16 of 70), and certainly lower 
than all other limb joints combined (61 of 271). 
Prompted by a drastic counting unit frequency decrease (from NISP to cMNE), this forelimb 
joint's increase in frequency-cut percentage (~6%) caused a "proportional leveling," immediately 
responsible for its decrease in statistical significance. This change is unambiguously related to the 
quantification unit employed. The statistically significant change is triggered when element 
fragmentation is taken into account via cMNE procedures (refitting). Deflating the proportional 
spread between specimen population and the sub-population of specimens manifesting cutmarks the 
attribute of interest. 
This pattern is particularly visible in proximal radii specimens. while the counting unit NISP 
reports that 5 of 42 specimens bear the presence of at least one cutmark, cMNE procedures find that 
29 NISP refit to 8 individual proximal radii. Further, 4 NISP could not be discerned as fragments 
potentially belonging to 2 refitted specimens and 9 NISP are part of at least 4 proximal radii. The 5 
NISP exhibiting cutmarks, in turn, are fragmentary remains successfully refitted to 2 cMNE. 
These results strongly suggest that quantification units not specifically designed to accurately 
track the skeletal element (i.e. NISP), the basic unit upon which, and due to its intrinsic properties, 
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skeletal patterns are shaped by innumerable affects, methodologically mask and create patterns not 
inherent to the assemblage under examination. 
cutmarks by cMNE 
Based on Table 21, it appears that while distal tibiae are in low relative frequency, specimens 
that are present do not show any disarticulation related cutmarks. Astragalii, on the other hand, show 
cutmarks on their anterior facets (Figure 23a). Calcanea also show cutmarks on their lateral aspects. 
The fused central and 4t'' tarsal is consistently the highest cut bone of the ankle joint, with all of its 
specimens exhibiting cutmarks. The proximal metatarsal also shows a high frequency of cutmarked 
specimens (60%; Figure 23b). 
Although lateral carpals (CPU and CPA) also have a high proportion of their respective 
samples yielding cutmarked specimens, they are not as consistent as the tarsals. Nor do the long 
bones attached to the wrist joint exhibit a significant pattern of cutmarks to indicate a similarity with 
the ankle joint. The shoulder joint appears to be second in cutmark proportions; however, the sample 
size is too small to produce any meaningful patterns. The elbow joint also appears very low in 
disarticulation marks, showing a minimal proportion of radii and ulnae specimens exhibiting 
cutmarks and lacking any disarticulation evidence on the distal humerii. Hip and knee joints show 
identical low cutmark frequency patterns one cutmarked element in the seven represented. The 
digits also show a low frequency of cutmarked elements (4 of 28). 
Percussion Breakage 
Percussion breakage is the highest modification observed in the Clarkson deer assemblage. 
Upon visual inspection, the assemblage's high level of fragmentation is notable. Slightly over 28.3% 
(NISP = 741) of all remains display percussion related attributes (Table 24). Cranial fragments appear 
to lead the fragmentation "pack" with close to 76% (NISP = 29) of its represented specimens broken 
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by percussion. Axial and hindlimb elements follow, each represented by ~64% (NISP = 46 and 95). 
Forelimbs are ranked fourth among the identified specimens (to skeletal element) at 57% (NISP = 
209). Lastly, 32 % (NISP = 22) of the digits represented, exhibit percussion related fractures. All 
individual elements and their respective fractured proportions are provided in Table 12 alongside 
other major cortical modifications. Specimens identified at levels other than skeletal element as well 
as their respective fracture percentages are provided in Table 24. NISP:MNE ratios can be used to 
track fragmentation intensity based on the number of identified specimens necessary to reconstruct an 
element and has been used widely by various researchers (Lyman 1994b:336-338; Munro 2004; 
Munro and Bar-Oz 2005; Stiner 2005) as an indicator of fragmentation intensity in a faunal 
assemblage. 
Percussion Breakage by Joint 
Skeletal elements were grouped by joint, similar to the cutmarked sample. The percussion 
sample also includes long bone diaphyses, or shafts, as well as the axial and caudal ;skeletal portions 
(remainder of the pelvis). There is no implied correlation between articulation joints and the way 
people appear to fracture bone, although in some instances this may be the case. The simple purpose 
of this organizational system is its anatomically intuitiveness and allotment flexibility, easily 
segregating the skeleton into element portions or collapsing it into larger aggregates (e.g., hind and 
forelimbs). One added measure, based on the cutmark patterning change between quantification units, 
percussion attributes were quantified by NISP and MNE and are both provided in Table 25, including 
their proportional change (%-change). The main purpose here is to look at differential fragmentation 
by element portion. 
As with cutmarks, there is a change in the proportion of impact-percentage between the two 
counting units, NISP and MNE. These changes are statistically significant at the individual element 
level, including and excluding the shaft portions, and at the skeletal joint category when the shafts are 
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included (Table 26). When shaft fragments are omitted from the aggregated joint categories, the 
proportions of percussion fractured elements to the sample whole are not statistically significantly 
different. In either case both counting units are offered, but again the comparative data strongly 
suggest that NISP can not alone account for frequency inaccuracies caused by various site formation 
agencies, and that patterns derived from these frequencies or any other non-comprehensive units 
should be taken with great caution they probably do not reflect the most accurate skeletal 
abundance pattern attainable. 
Given the discrepancies found between counting units in cutmark analyses and 
fragmentation, cMNE frequencies are described here. This is probably especially sensitive in the case 
of percussion marks since the attributes one attempts to quantify are the primary cause of 
fragmentation. In other words, a cortical percussion-impact mark will very likely appear in as many 
bone specimens (NISP) as it creates. Therefore, if all impact marks are quantified by NISP, without a 
degree of knowledge of the relationship between the amount of fragments created and variables such 
as individual skeletal element, degree of force applied, and technology or technique used (as 
examples), and/or how to adjust for this variables, impact frequencies will always be inflated. Once 
again, cMNE is probably the most sensible choice. 
Axial Skeleton 
The highest NISP:MNE ratio represented belong to the cranium (MNE:NISP = 27). All 
cranial fragments displayed percussion related fracture (cMNE = 1). Continuing with the cranial 
skeleton, mandibles appear to hold a relatively low fragmentation ratio. Although relatively low in 
abundance (NISP = 4), mandible fragments also show their complete sample preserving impact 
marks. 
Individual postcranial-axial fragments show relatively mid-to-high fragmentation and a 
combined NISP:MNE ratio of 2.77. ,while having approximately 50% of these specimens exhibit 
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impact fractures. The atlas shows a lower fragmentation ratio, with one in two cMNE showing 
percussion iYnpacts. The axis on the other hand, has the highest fragmentation ratio of all postcranial-
axial elements (NISP:MNE = 7), however, its sample size is cMNE = 1. 
Shoulder Joint 
Representing the shoulder, the one scapula glenoid in the assemblage does not display 
percussion marks. The proximal humerus, on the other hand, shows percussion induced breakage on 
the complete sample (cMNE = 2). As a side note, this marks a 75% analytical increase in breakage 
proportion from initial NISP counts, which indicate that 2 of 8 specimens display percussion 
fractures. 
Humerus Shaft 
The humerus shaft follows a similar pattern of percussion attributes exhibited throughout its 
healthy sample (after refitting) of at least eight cMNE. Fragmentation is apparently moderately high 
(NISP:MNE = 2.63). 
Elbow Joint 
The elbow joint, is one of the most fragmented portions of the skeleton. Composed of distal 
humerii (cMNE = 7, NISP:MNE = 3.86), proximal radii (cMNE = 12, NISP:MNE = 3.50) and 
proximal ulnae (cMNE = 9, NISP:MNE = 1.89), having all specimens show percussion breakage 
attributes. 
Radio-Ulnae Shafts 
Percussion related damage continues to appear in high relative frequency throughout radial 
(87%) and ulnar (100%) shafts. Shaft fragmentation decreases in prominence through the radius 
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(NISP:MNE = 1.75), and increasing with ulnae shafts (NISP:MNE = 3). The ulna sample size is small 
however (n = 1). 
Wrist Joint 
The distal radius has a relatively high degree of fragmentation (NISP:MNE = 3.17). This is 
best illustrated by Figure 10, where refitted specimens are composed of up to 5 NISP. This element 
portion also retains a high proportion of percussion-induced marks relative to its sample 
(cMNEimpacted = 91.7%; Figure 12). Distal ulnae are represented by broken distal portions of the 
styloid process. As expected, due to their high density, carpals represent the highest single element in 
the assemblage (CPI and CPR = 14), for the most part showing great preservation and minimal 
breakage. The exceptions appear to be the intermediate carpals. These specimens exhibit percussion 
related fractures on their cranial and caudal aspects in roughly 3 7% of the specimens represented. 
Their respective fragmentation ratio (NISP:MNE = 1.7), although not skyrocketing, it is slightly over 
37% higher than the combined average (Mean carpal NISP:MNE = 1.2). The second highest carpal 
fragmentation ratio is the CPF or fourth carpal. Other carpal specimens do not appear to show such 
relative large percussion induced breakage; however, some such as the ulnar and accessory carpals 
are conspicuously missing from the assemblage. The proximal metacarpal constitutes another element 
portion in the sample wielding percussion breakage on all of its representative specimens (n = 12), 
also displaying high fragmentation (NISP:MNE = 3; Figurel3). 
Metacarpal Shaft 
The metacarpal shaft, displays the highest degree of fragmentation among long bones 
(NISP:MNE = 9.25), and its complete sample unsurprisingly exhibits percussion marks (n = 4). The 
distal portion of the metacarpal is has a lower fragmentation ratio than both its shaft and proximal 
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ends (NISP:MNE = 2.75) indicating a moderate to high level of fragmentation and demonstrates 
percussion marks on approximately 75% of its represented specimens. 
Hip Joint 
All pelvis' fragments were observed having percussion breakage attributes and a mid level 
fragmentation ratio (NISP:MNE = 2). Proximal femora do not appear as fragmented (NISP:MNE _ 
1.5) and only 3 of 4 specimens were recorded having percussion related fractures. 
Femoral Shaft 
The femoral shaft is highly fractured as indicated by the NISP:MNE ratio (5.25), exhibiting 
percussion breakage attributes on all specimens observed. 
Knee Joint 
Moving to the knee joint, distal femora and proximal tibiae demonstrate percussion attributes 
on 50% of their individual samples, having NISP:MNE fragmentation ratios of 3.5 and 2.5 
respectively. One complete patella was identified, however it did not yield percussion marks. 
Tibial shaft 
All shaft fragments of the tibia also show percussion fractures, and wield a fragmentation 
ratio of 2.33. Although fragmentation is prominent, knee and tibial shaft sample is very small. 
Ankle Joint 
The distal tibiae sample shows percussion marks on all of its specimens (cMNE = 3) and has 
a high NISP:MNE ratio of 3. Tarsal bones including astragalii and calcanea, were found in good 
condition with minimal fragmentation (MNE:NISP = 1.2 and 1.1 respectively) and relatively 
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moderate proportional percussion breakage of approximately 22 and 43 % of the sample in question. 
The fused central and 4th tarsal is the highest fragmented tarsal, and exhibits percussion damage on 
approximately 62% of its specimens. Fragmentation for this element is the highest of all tarsals 
(NISP:MNE = 2.25). Other tarsals were present in relatively low frequencies but complete format, 
displaying no signs of percussion fracture. The proximal end of the metatarsal continues the trend of 
heavily fractured long bones, (NISP:MNE = 2.30) and a high rate of percussion broken specimens in 
relation to its respective sample (90%). 
Metatarsal Shaft 
Metatarsal shaft fragments are also all observed to have percussion breakage (cMNE = 3) and 
an accompanying NISP:MNE ratio of 2. The sample of its distal counterpart is also completely 
composed of specimens exhibiting percussion fractures and has a slightly higher fragmentation ratio 
(NISP:MNE = 2.33). 
Phalanges 
Percussion was observed on all three major phalanges. The first phalanx displays percussion 
fractures on -~48% of its sample and a fragmentation ratio of 1.62 NISP per cMNE. Second phalanges 
have observed percussion breakage on 45% of its sample along with a NISP:MNE ratio of 1.36. 
Approximately 14.3% of all third phalanges display percussion damage as well as a fragmentation 
ratio of 1.29 NISP per cMNE. 
Skeletal Element Economic Utility 
Table 27 provides ranking results. As shown, Binford's grease values appear to best explain 
the variability in skeletal element representation in the assemblage, having a statistically significant 
high positive correlation coefficient (rs = .73, p < .001). Immediately behind are Binford's marrow 
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values showing a lower positive correlation, however, still statistically significant (rs = .55, p < .OS). 
Marrow calories and return rates from Jones and Metcalf (1988) show a slight positive correlation, 
however, they are not statistically significant. The deer assemblage also shows a very weak and 
insignificant correlation with meat return rates from Madrigal and Holt's (2002) study. All other 
values show negative correlations and are not statistically significant. Although useful, Binford's 
grease and marrow indices are questionable and have been deemed inappropriate as units of skeletal 
element utility measures (Brink 1997; Jones and Metcalfe 1988). A visual inspection may provide a 
better assessment. Figure 14 indicates that although FUI does not appear highly correlated with the 
Clarkson deer assemblage, there is a curious pattern of mid utility and high abundance long bone 
aggregation. Meat and Marrow value from deer (Madrigal and Holt 2002) also indicate a negative 
relationship with the faunal remains (Figure 15). 
Long bone fat% values (Brink 1997) indicate a negative relationship as well (Figure 16). 
However, it appears as if the underrepresented humerii, femora and tibiae are decreasing the value of 
this relationship. The most abundant elements, radii, and metapodials appear to have rrgid to high fat% 
values. Humerii also have high values, however, their degree of fragmentation may be impeding their 
identification. Although a low correlation is present between the assemblage and deer marrow return 
rates (Table 27), once tibiae and femora are removed, a positive relationship appears (Figure 17). 
It appears that humerii, radii, and the metapodials are the units driving a correlation pattern 
between skeletal abundance and within-bone nutrients, explaining the highly fragmented nature of the 
assemblage. Meaty portions are underrepresented from the sample, indicating that the underlying 
goals behind the analyzed assemblage, was probably the extraction of marrow and grease. 
Spatial Autocorrelation of Economic Utility Values 
MNE results by provenience are provided in Table 28. Positive global spatial autocorrelation 
results (Table 29), that is, positive Moran's I values, and low p-values indicate that positive spatial 
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autocorrelation is present and it is statistically significant for all utility indices. This simply means 
that similar values appear clustered in the dataset. 
LISA results in Table 30, show provenience (centroids) coordinates, their individual, 
averaged MNE and MAU figures, ranked values by utility index, and respective individual Moran's I, 
and p-values. These were evaluated using various distance weight matrices, in 5 unit increments 
ranging from 0 through 100. Results represent a distance weight matrix of 30. Ranked meat and 
combined meat and marrow gross yield values appear to form two high value clusters and one low 
value cluster (Figure 18a). However, this site is composed of mostly low meat utility elements. Thus, 
high meat value clustering, although statistically significant, is representative of similarly low meat 
values at the Clarkson site (Figures 18a and 18b). Low value clusters signify provenience contexts 
with no bone recovered. 
Figure 19a shows Features 1, 11, 15, and excavation unit 2 as having statistically significant 
and positive Moran's I values for marrow gross yields. However, the low sample sizes of excavation 
unit 2 and Feature 15 (Table 29) may be affecting the clustering results. Feature 1 and Feature 11 on 
the other hand, contain more reliable sample sizes and indicate a cluster of skeletal elements 
containing high marrow values in close proximity to each other. Grease values (Figure 19b) show a 
similar cluster pattern as gross marrow yields. Again, excluding the low sample sized Feature 15, 
Features 11 and 1 appear to compose a statistically significant cluster of high grease values. 
Results of economic utility frequency patterning and their respective spatial distribution, 
strongly suggest that the Clarkson sample represents a focus on marrow and grease exploitation 




DISCUSSION AND INTERPRETATIONS 
Discussion of Results 
The Clarkson faunal assemblage is in excellent condition. Very little weathering or root 
etching has affected the cortical surface of the sample. This increases the potential for reliable 
observations on the bone. The lack of rodent modification is significant, and it is probably indicative 
of the material's short term duration on an exposed surface. In conjunction with minimal subaerial 
weathering present, this evidence points to a relatively rapid burial after deposition rapid enough at 
least to impede bone from completely drying and become appealing to local rodent populations. 
Element frequency patterns represent a higher ratio of fore to hindlimbs. Examination of 
volume densities suggests that the present remains have not significantly suffered due to their 
differences in taphonomic strength after deposition. Proximal and distal radii, some of the most 
abundant elements, have far higher frequencies than skeletal elements with superior density (e.g., 
distal tibiae). All things being equal, if skeletal elements possessing the density of radii can survive 
density mediated attrition, then elements with higher taphonomic strength should also be present. The 
fact that the Clarkson assemblage includes some elements with higher taphonomic strength 
represented in lower frequencies is probably an indicator that, in fact, all things are not equal, and that 
bone frequency patterns are probably being driven by differential transport of prey parts after 
procurement, intensive or differential processing, or carnivore attrition. These affects are now 
reviewed in light of the earlier results. 
Carnivore Attrition at the Clarkson Site 
Although, the data show that carnivore activity is probably not significantly present 
throughout the represented elements, this effect needs to be carefully monitored. Carnivore presence 
may impinge on element identification due to destruction and landmark obliteration and may be 
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responsible for the complete absence of smaller bones, possibly swallowed complete. Taphonomic 
factors listed above provide evidence for a narrow window of time, post-human use, large enough for 
carnivores to consume, toy with, or destroy some of the available evidence still carrying left-over 
nutrients. However, long bone portions of the forelimb do not indicate a strong pattern of carnivore 
attrition except for the proximal metacarpal. Contrary to actualistic observations (Binford 1981:69-
74), the proximal metacarpal appears to have suffered the heaviest carnivore damage, with the distal 
portion of the metacarpal close by in frequency. Binford (1981) observed that carnivores will 
approach the distal end of caribou metacarpals in order to consume all cartilaginous material between 
the phalanges. Once this is accomplished, the modifying agent will move along to another, more 
productive bone. Leaving the metacarpal complete, not showing much damage from chewing this 
may be the case as long as the carnivore is able to select between elements, or when at a kill site, as 
observed by Binford (1981:74) and Haynes (1980:348). The carnivore marked forelimb sample is 
small however, (14 out of 84), and it is most likely suggestive that metacarpal fragments displaying 
carnivore modifications do not account for a significant pattern. 
All remaining relative frequencies with carnivore damage appear low except for the larger 
tarsals. This is a curious occurrence given the low frequency of tibial shafts having carnivore damage. 
Also interesting is the lack of expected damage on the distal tibiae and proximal metatarsals resulting 
from carnivore gnawing on tarsal bones (Table 15). The absence of carnivore damage on proximal 
metatarsals may be explained by carnivore feeding patterns mentioned for the metacarpal. Post-
carnivore feeding observations of caribou, deer, and bison bone suggest that metapodials are ranked 
lower than the rest of the skeleton. Experimental observations of hyenas feeding on sheep bones 
(Marean and Spencer 1991:653) provide evidence of higher rates of distal metatarsal attrition over its 
proximal counterpart, possibly explaining the lack of marks on the proximal end. Although, the fact 
that distal metatarsals are also unmodified, suggests that these bones were probably inaccessible to 
carnivores or completely ignored. 
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Carnivore attrition does not appear to explain the low frequency of distal tibiae, nor the lack 
of gnawing marks on them. Empirical evidence indicates the abandonment of this dense element 
portion by carnivores, in preference to other `spongy' cancellous parts like proximal and distal femora 
and proximal tibiae (e.g., Binford 1981:76-77, Figures 3.50 and 3.51; Haynes 1980:347, Figures 8-10; 
Marean and Spencer 1991:652, Figure 4). Curiously, taphonomically tough elements such as 
astragalii, calcanea, and the fused central and 4th tarsal, anatomically attached to the distal tibia and 
the proximal metatarsal, show relatively high carnivore tooth-mark frequencies (Figure 22). This 
signals carnivore accessibility to the hindlimb at a particular point in time. This may be so, however, 
the lack of collateral carnivore damage on the attached hindlimb long bones, strongly suggest their 
absence at the time carnivores obtained access to the tarsals. In other words, as an anatomical 
package, femora, tibiae and metatarsals were probably already disarticulated from the tarsal bones at 
the time of gnawing. On the other hand, identi~ability may be an issue, certainly with proximal and 
distal femora and proximal tibia. However, this is highly unlikely with distal tibiae, since they hold 
highly diagnostic and taphonomically strong features. 
Further, if distal tibiae are to be accepted as representative of this element's original 
frequency, one must keep in mind that Marean and colleagues (e.g., Marean and Assefa 1999; Marean 
and Kim 1998; Marean and Spencer 1991) provide strong evidence warning against the reliability of 
long bone ends as element frequency proxies. It is also clear, however, that preservation variability 
exists, and it is dependent on each specific context (see Marean et al. 2004). For example, 
inconsistency in the preservation of distal tibiae vs. shaft counts is observed in the Sjovold and Harder 
bison assemblages (Morlan 1994:801), the size class 3 and 4 animals from layers 10 and 11 at Die 
Kelders Cave 1 (Marean et al. 2000:219), between bighorn sheep and bison assemblages at the 
Bugas-Holding site in Wyoming (Todd and Rapson 1988:315) and in the Clary Ranch bison 
assemblage (Hill 2001). Most are probably related to the degree of carnivore damage in an 
assemblage. In the low carnivore impact context of the Clarkson assemblage, distal tibiae counts are 
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probably reliable reflections of this element's abundance during initial deposition. Moreover, distal 
tibiae abundance is higher in frequency than tibial mid-shafts the elements' most dense portion. If 
this is the case, then the high frequency of carnivore marks on tarsal bones can only be explained as 
happening after their disarticulation from tibiae and metatarsals. 
Observed Cutmark Patterns 
Cutmark values provided in Table 23 in conjunction with the above discussion and the 
statistical pattern reported in the results section, appear to show that all skeletal joints were submitted 
to similar degrees of disarticulation except for the ankle the articulation holding the distal tibia, 
tarsals, and proximal metatarsal. Cutmarks present on tarsal bones directly attached to the tibia, 
undoubtedly show patterns of disarticulation associated with the tibia as seen in ethnographic contexts 
(Binford 1981:120). Cutmark frequencies seen throughout all facets of the naviculo-cuboid and 
proximal metatarsal bones are also indicative of their dismembering (Figure 23). However, a low 
tibiae frequency in conjunction with higher metatarsal abundance strongly suggests that the 
systematic disarticulation of distal tibiae from the attached tarsals occurred in a context prior to the 
disarticulation of the tarsal pack from the proximal metatarsal. 
Fragmentation 
Based on impact-breakage frequency, it is clear that the cranial and axial skeletal groups are 
the most fragmented in the Clarkson sample. However, their diminutive sample size may be causing 
an exaggeration of the actual fracture pattern. Hind and forelimbs, on the other hand, probably have 
more adequate sample sizes to provide information about the breakage patterns at Clarkson. 
While achi-square test of no difference indicates that observed percussion mark frequencies 
are significantly different between limb joints (x2 = 39.53, p < .001, df = 6). Differences in breakage 
frequency between element of hind and forelimbs are not statistically significant (x2 = .13, p = .71, df 
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= 1), nor are breakage differences observed between all long bones (x2 = 5.43, p = .48, df = 6), or 
between long bone ends and shafts (x2 = 2.73, p = .10, df = 1). Further evaluation of the joint 
breakage pattern isolates the significantly different unit as the elbow joint (x'` = 20.89, p < .001, df = 
1), showing all its specimens as exhibiting percussion fracture marks. However, this pattern is 
probably methodological, and its significance is being statistically elevated by 1) this joint's lack of 
surrounding non-nutrient bearing bones (e.g., carpals, tarsals) not targeted for breakage, and 2) an 
identification bias. 
The elbow joint is composed of three elements, the distal humerus, proximal radius and 
proximal ulna, of which, radii and humerii are major grease rendering targets, expecting breakage 
during nutrient extraction. The wrist joint, on the other hand, contains several elements (carpals) that 
should not be expected to exhibit percussion breakage due to their low nutrient content (although 
some do). If these elements are removed, the proportional differences between marrow and grease 
target bones (long bones) are indifferent, indicating an indiscriminant breakage pattern between these 
and all joints. 
The issue of identification bias is clear between humerii portion frequencies given in Table 
25. The most recognizable portions are abundant while the landmark lacking, less identifiable 
proximal humerii, are almost analytically invisible. This identification bias is probably happening 
throughout the assemblage with any hard-to-identify bone, but is particularly lowering shoulder 
values by hiding the actual amount of percussion marked proximal humerii in the assemblage. 
This fragmentation-induced identification bias is probably exponentially increased if the 
element on hand was disarticulated during breakage, having an exposed surface to potentially heavier 
damage. If these methodological blurs are removed, a pattern of indiscriminate breakage of all 
marrow and grease yielding long bones arises. 
Additionally, the earlier mentioned breakage pattern of the wrist and ankle joints is rather 
peculiar. Although carpals and tarsals are not usually targets of nutrient processing, they exhibit some 
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percussion breakage, especially the intermediate carpals on the fore limbs and the naviculo-cuboid 
and astragalus on the hindlimbs. This breakage pattern is random and probably unintentional most 
likely the result of the carpal and tarsal "packs" being present and still articulated during breakage. 
These additional bones do not interfere with marrow extraction and their removal has been recently 
noted as agroup-specific cultural norm (Abe 2005:132). 
Percussion breakage observed on the digits is another peculiar pattern within the assemblage. 
This breakage does not seem systematic however, only occurring on approximately 50% of the 
sample, perhaps resulting from percussion directed at the distal metapodials, which show breakage in 
approximately 75-100% of its respective sample. The observed breakage also implies that phalanges 
were probably articulated to distal metapodials during processing. 
It appears that the breakage pattern witnessed in the Clarkson assemblage is one of long 
bone percussion fracturing, indiscriminant between front and hindlimbs, skeletal elements, or long 
bone portions (shafts and ends). The purpose behind bone fracturing is the systematic processing of 
deer long bones for marrow and grease. Skeletal elements processed were still articulated at the wrist, 
lower ankle, and digit joints during breakage. This is demonstrated by random collateral percussion 
fractures observed on low nutrient carpals, tarsals and phalanges, occurring when long bone ends 
were targeted for fracturing. 
Behavioral Interpretations 
Carcass Transport Patterns at the Clarkson site 
If the faunal sample from Clarkson is a complete representation of the site, the available 
element frequencies reflect a pattern of partial transport of high utility deer limb parts from a 
procuring station, leaving most low utility elements behind; including the cranial and axial skeleton. 
According to central place foraging assumptions (e.g., Cannon 2003; Metcalfe and Barlow 1992; 
Nagaoka 2005; Orians and Pearson 1979), the amount of a prey, or the optimal load or package 
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returned to the home base by a hunter or group of hunters depends on an assessment of various 
constraints such as distance from the residential site (travel time), prey size, carrying ability of the 
hunter, number of hunters present, available parts, nutritional goals (e.g., fat vs. protein) and the 
additional field processing required to increase the efficiency of the package being returned. This 
decision is actively managed by a costs and benefits approach. For example, the farther a hunter 
travels until a point of prey encounter, then the more he/she would benefit from returning only the 
highest utility parts or combination of parts to the home base and reducing any added energy 
expenses related to excess weight (Cannon 2003 provides details). Travel time can be used as a proxy 
for prey abundance; in other words, time spent searching for prey is a direct reflection of their 
abundance on the landscape. Further, a hunter's decision to reduce the load size of deer, an animal 
generally assumed to be transportable as complete, based on the long distance to the residence 
location, would reinforce the assumption of low abundance of that particular prey-species. 
The Clarkson assemblage shows a skeletal element abundance almost exclusively dominated 
by high utility deer parts. This can be interpreted as the result of additional processing conducted to 
increase the efficiency of the package being returned to camp, due to the long distance traveled until a 
prey is encountered (e.g., Cannon 2003; Metcalfe and Barlow 1992; Nagaoka 2005; Orians and 
Pearson 1979). This is also an indicator that deer as a prey resource in the environment is probably 
being increasingly depleted. Although natural events (e.g., droughts, fires) may cause a reduction in 
resource availability, this is most likely due to over-harvesting by semi-sedentary Moingona people. 
A lack of immediately abundant game such as deer is probably influencing an increased reliance on 
labor intensive nutritive extraction strategies such as grease and marrow processing. Although at face-
value the empirical evidence from Clarkson may indicate this pattern, I do not think the sample is 
representative of all faunal based subsistence activities at the site it is rather small. The excavated 
area only encompasses approximately 600 ft2 (56 m2) and Osborn (1976:22-29) comments that 
although it is an intensively tested area, it is probably only a small portion of the actual site. Low 
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utility elements excavated, although low in frequency, are probably under represented. At least, it is 
safe to assume that their relative abundance is currently uncertain. It is probably safer to assume that 
prey animals are probably being transported complete to the site, or at least, at this time there is not 
better indication of the opposite. Skeletal element frequency differentials are probably the result of 
intrasite organization, where Clarkson occupants systematically divided carcass processing tasks 
throughout the site in order to increase the level of processing efficiency. The large majority of the 
sample represents an intensive carcass exploitation strategy designed to process faunal remains for 
grease and marrow. 
Carcass Exploitation at the Clarkson Site 
The overall condition of the bone suggests that a short time interval occurred between 
procurement of these nine animals (6 recovered from Feature 1, 3 others from within 10 feet), their 
transport back to camp, and processing for meat, marrow, and grease. Grease and marrow utility 
values strongly account for the skeletal element frequency variability present in the assemblage, with 
a very low frequency of meat yielding limb bones (scapulae, femora, and tibiae) present in the 
sample. The indiscriminant nature of long bone shaft fracturing indicates their processing for marrow 
extraction without preference. This nutrient extraction tactic appears to be followed by additional, 
undifferentiated comminuting, or pulverizing, in conjunction with their respective long bone ends. 
This is probably done in order to prepare the bone for immediate grease rendering, most likely by 
boiling them, as observed in ethnographic contexts (e.g., Abe 2005; Binford 1978b; Leechman 1951; 
Vehik 1977) in order to obtain needed dietary fat (Cor-dain et al. 2000; Speth and Spielmann 1983). 
While mean maximum lengths are significantly different (t = 3.63, p < .001, df = 767.45) between 
long bone shafts (24.7 mm, n = 899} and ends (22.3 mm, n = 366), this is probably not a behavioral 
difference simply a matter of differences in bone morphology. According to experimental research 
(Church and Lyman 2003) these average length discrepancies do not reflect a significant difference in 
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grease extraction efficiency. They appear to consistently fall within a range of 80% total grease return 
on a 2-3 hr boiling time investment (fragments < 5 cm). A significant difference would occur if the 
most efficient grease extraction size required would be present for either the shafts or the ends 
(fragments < 1 cm in 1 hr). This is not the case however; it is another indication of the indiscriminant 
nature of the processing strategy. 
Cutmark and skeletal element patterns suggest that elements of high meat value, mainly 
scapulae, femora, and tibiae are being systematically disarticulated prior to breakage, separated, and 
processed elsewhere on the site. The scapula is the highest meat yielding element in the forelimb, and 
it is relatively effortless to disarticulate from the proximal humerus. Evidence for probable 
disarticulation of the shoulder joint may reside in the heavily fragmented proximal humerii. While not 
articulated to the scapula, the proximal humerus is relatively higher prone to receiving the most 
impact damage. Lacking protection from an attached limb, this articular end probably generates the 
largest amount of unidentifiable fragments. This is probably the case since humerii were only 
identified by shaft fragment refitting and less fragmented, diagnostic portions of its distal end (even 
after refitting sessions). 
Relative high frequencies of identifiable forelimb specimens are probably the result of their 
placement at apre-defined, spatially discrete processing station, still in articulation below the 
proximal humerus and probably already stripped of all meat. These forelimbs are being processed for 
marrow while articulated, then comminuted to an acceptable size level in preparation for grease 
rendering. During impact breakage of distal radii and proximal metacarpals, the attached carpals are 
receiving collateral blows, severely fracturing these smaller bones and probably fracturing some ulnar 
and accessory carpals unrecognizable. 
Relative low frequencies of the upper hindlimbs (femora, patellae, and tibiae) are consistent 
with a `high meat value' transport pattern where the upper hindlimb package is composed of these 
elements, and is being disarticulated at the meeting point of the distal tibia and tarsals. These bones, 
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although also high in marrow and grease yield, are not being returned to the area of breakage for 
processing. Tarsal packs and the metatarsal bone appear to be disarticulated at times, prior to marrow 
breakage, allowing carnivore access to some tarsals, while the ones still attached, are also subjected to 
collateral breakage during fracturing of the proximal metatarsal, also in preparation of grease 
rendering. Similar collateral breakage is witnessed when distal metapodials are targeted, and breakage 
occurs on the phalanges. Although their nutritional value is considered by foragers under extreme 
circumstances (Burger et al. 2005), digits do not appear to be processed for food due to their apparent 
random treatment. 
The depositional sequence of the Clarkson faunal remains appears to be one of a relatively 
short period of time, not allowing enough time for the bone to dry or become weathered on the site's 
surface. The complete absence of skeletal elements highly ranked for their meat yield, mainly femora 
and tibiae may also indicate a short temporal window between processing and burial. These elements 
are highly ranked in marrow and grease yield, in fact, they rank highest. Although these elements 
were probably returned to camp attached to the carcasses, and then separated at some point, they were 
not returned for grease and marrow processing near Feature 1. This is most likely due to simultaneous 
processing elsewhere on site and highly suggestive of an elevated period of systematic activity at the 
Clarkson village. Exploring the scenario of the faunal pattern reflecting a series of single animal 
butchering and processing events, then the remains recovered from Feature 1 reflect a discard area 
specie cally segregated for articulated forelimb processing over the period of time required to procure 
9 deer. However, the lack of carnivore modifications indicate that these items were deposited rapidly, 
not giving enough time for canids to access the remains. Although, remains from each forelimb 
processing event may have been immediately covered with sediment after discard, explaining the lack 
of carnivore activity, the nature of the recovery methods does not allow for further evaluation. While 
many more increasingly complex scenarios can be created to explain the faunal pattern, the simplest 
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explanation seems to be that of a multiple animal kill, requiring the systematic disarticulation and 
processing of skeletal element packages, similarly ranked in economic value. 
Further, the processed elements do not appear to be the result of "recycling" bone refuse 
collected over several seasons as Abe's (2005 :13 8) case study indicates, nor the product of previously 
processed marrow bones saved strictly for rendering at the end of the season (Binford 1978b:158). 
The non-random character of the bones processed for grease and marrow at the Clarkson site (all 
forelimbs) probably reflects the systematic manufacture of a supplementary food resource. This 
strategy is probably the end-result of a single procurement event or "drive" (McCabe and McCabe 
1984 and references therein) designed to harness energy, in the forms of meat, marrow, and grease for 
immediate as well as future consumption. Future consumption is represented by the systematic and 
immediate processing of forelimb bones for marrow and grease in a spatially segregated area. These 
extracted nutrients are probably being converted into storable goods (e.g., pemmican, grease, oil). 
These sources of stored food are most likely geared to alleviate perceived future food shortages, 
perhaps in response to a decreasing trend in resource availability, or simply in order to make 
necessary dietary fat supplements available. 
This strategy appears to be a one-time event of possible periodic reoccurrence. Systematic 
mass processing occurs in order to increase nutrient extraction efficiency by maximizing the food 
related returns of marrow and grease while decreasing processing costs. This strategy is probably part 
of a larger resource fluctuation management strategy (Kelly 1995:99), and probably includes related 
behaviors of celebratory or ritualistic significance, and it is probably specific to the central Iowa 
environment and constructed on the basis of prior experience. 
Moingona Inter-Assemblage Comparisons 
Reported Moingona faunal remains have not undergone a similar analysis as the Clarkson 
assemblage. This is truly a misfortune since many inferences can be drawn from inter-assemblage 
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level based analyses. Although, the Norman Dille, Dawson, and Wildcat Creek faunal assemblages 
were thoroughly analyzed (Kelly 1990), skeletal element frequencies are reported as NISP, and are 
not appropriate to make comparisons with this study. Further, in light of refitting results from this 
research, discrepancies between reported identified and unidentifiable specimens may be influencing 
element representation. These sites are interpreted as possible satellite, resource extracting stations 
(Dawson and Norman Dille), and a seasonal village (Wildcat Creek). On the other hand, available 
data from the Christenson site (Benn et al. 2003; Kelly 2003) appears compatible, and it is used as a 
measure of comparison (only the 2003 MNE data is used). However, large identification 
discrepancies may also be affecting interpretations. 
Christenson is interpreted as a winter village based on faunal, floral and tentative spatial 
patterning (Benn 1991, 2003; Kelly 2003). Published deer MNE values were added between feature 
and midden contexts and then converted to MAU and %MAU for comparison (Benn et al. 
2003 :142,149). Relative skeletal element frequencies reflect a high number of mandibles, pelves, 
crania, astragalii and calcanea. this is a curious pattern since it does not reflect the expected larger 
abundance of high ranked elements expected to be returned to a residential area (Figure 22). Plotted 
deer %MAU and skeletal element economic utility values show no positive rs correlations (Table 31). 
When %MAU is plotted against FUI and MGUI, classic reverse utility curves were observed (Figure 
23). The frequency data was also tested against density mediated attrition (maximum density) since 
landmark data are not available from the 2003 report. The test was not significant (rs = 0.013, p = 
0.944), tentatively indicating that density mediated attrition is not a factor in this assemblage. 
However, problems associated with a premature conclusion based on these affects have been 
thoroughly discussed (Marean and Frey 1997), and do not allow for a conclusive interpretation. 
Although, possibly influenced by many other taphonomic variables, the skeletal element pattern 
observed appears to derive from a site where low utility elements are common and bones representing 
high utility parts are almost entirely gone (tibiae and femora = ~40 %MAU). 
59 
According to the available faunal dataset, this pattern reflects akill-butchery area (Binford 
1978b:79-82; Thomas and Mayer 1983:367-374), however, taphonomic variables such as density 
mediated attrition, carnivore chewing, and human bone fracturing may be actively masking true 
skeletal element frequencies. This is common in faunal assemblages where abundance estimates are 
derived from destruction prone long bone epiphyses and not the tougher middle shaft portions (e.g., 
Marean and Frey 1997; Marean and Spencer 1991). Without prior tests of attrition and fragmentation, 
the current interpretation as a village site is not supported by the faunal remains at the site. Perhaps 
the chipped stone assemblage, in which broken projectile points are the most abundant single tool 
(Blikre 2003), is better explained by the faunal frequency patterns observed here. Moreover, the under 
representation of plant and aquatic resources can also be linked to the focused nature of this site if it is 
a hunting camp. House delineations and evidence for domestic activity may be the result of hunting 
parties or family groups out on extended hunting expeditions where a large range of behavioral 
variability is inherent due to length of stay, and basic human needs. Accounts of modern hunter- 
horticulturalists are not absent of complete family or group trips on logistical hunting forays lasting 
from days to weeks at a time (Binford 1978a; Vickers 1989:54-55). These extended hunting camps 
may contain structures where cooking, hide processing, plant foraging, and child care take place. 
Without ignoring the current interpretations of the site as a village, these observed multiple 
occupations (Benn 2003) are possible, and the faunal data can perhaps be explained as a palimpsests 
formed by a change in site function through time (e.g., Binford 1982:369; Szuter and Bayham 1989). 
In this scenario the site was used as a wintering village, and at other times it was continuously used 
and returned to as a hunting camp. Presently, however, the ubiquitous faunal pattern at the site is does 
not point in any direction other than a successful, prey-specific hunting base camp. Based on the 
observed faunal patterning, this is a likely scenario at Christenson, but all interpretations are 
inconclusive until the level of faunal attrition at the site is assessed. 
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Settlement and Subsistence Implications 
Estimates of foraging bouts (~30 km round trips, see Kelly 1995:133) are of course 
dependent on available transport technology and backup resources (e.g., corn, pemmican; see Brown 
1982) that help compensate for fluctuations in travel distance and environmental risk, as well as 
individual and group perceptions of value in other words what is too far or too costly to travel. A 15 
kilometer radius (30 km round trip) centered on Clarkson certainly places the Howard Goodhue and 
Cribb's crib sites within foraging distance. Falling approximately 10 km south of the Christenson site 
and between 3 and 7 km north of the southern Moingona phase sites (Moffat et al. 1990), tentatively 
places these sites as short distance, logistical overnight trips. The purpose of these logistical camps is 
to encounter prey animals decreasing in abundance, within the Clarkson foraging radius, possibly due 
to their over-harvesting or avoidance behavior. Although water transport and pack animals (dogs) 
probably shortened the time required to travel between sites, empirical evidence is simply not 
available. Low frequencies of deer remains at southern Moingona sites (Norman Dille, Dawson, and 
Wildcat Creek), and a high relative abundance of aquatic resources at Wildcat Creek are probably 
logistical resource-extraction camps, primarily focusing on large fish. Although, this fits the model 
postulated by this study, the overabundant number of unidentified mammal specimens (Table 32), 




The analyses performed provide a rigorous understanding of the faunal remains at the 
Clarkson site. Utilizing proper tools to examine Oneota faunal remains has enabled this study to 
provide light in the midst of potential problems associated with directly interpreting the 
archaeological record. The possibility of methodological pattern creation was visited, and 
successfully demonstrated that the inferences drawn from current methods in place are potentially 
biased and probably need to be reevaluated. This research has considered the deer assemblage's 
physical transformations, the wide range of behavioral variants empirically observed by 
anthropologists today, and has weighed the potential of any encountered behavioral variant as the 
possible primary cause of the faunal remains analyzed. 
Methodological Implications 
In order to extract reliable inferences, archaeologists must possess trustworthy datasets, only 
helped and not debilitated by newly developed methods. Not making use of available methodologies 
proven to provide a refinement in the physical accuracy of the material remains observed, can be 
detrimental to the reliability of the interpretations drawn. This study questioned current 
methodologies and provided empirical evidence of an increase in faunal identifications, the heart of 
all zooarchaeological studies, and a biasing problem throughout most Oneota research. Additionally, 
the quantifying unit used, NISP, is not a behavioral unit of analysis, and was demonstrated to bias 
behavioral patterns viewed in the assemblage under examination. Only when these housekeeping 
issues are well tended, can researchers begin to speculate about not so empirically grounded notions 
of social and cultural dynamics, which leave no, or very little direct material evidence. It is fair to say, 
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that without the refitting study incorporated into this thesis, I would not know how much bone is 
really represented in the Clarkson assemblage based on NISP counts or MNE derived from such. 
Deer Exploitation at the Clarkson Site 
The Clarkson site provides a glimpse into the faunal exploitation practices of Moingona 
phase people in central Iowa. The sample reflects the procurement and transport of nine deer, 
acquired during a single event and discarded into an individual pit feature at the site. Skeletal 
elements identified represent the discarded remains of a spatially segregated activity area where 
largely forelimb bones were indiscriminately and intensively processed to extract marrow and grease 
while still in articulation. The significantly higher number of cut and carnivore marked bones of the 
ankle joint, indicate that high meat yielding elements such as the femora and tibia, were disarticulated 
and processed elsewhere, explaining their low frequency. This is also the likely case for the low 
scapulae frequencies witnessed. 
A single procurement event scenario appears to be the simplest explanation for the faunal 
pattern observed at the Clarkson site. After procurement, these animals were probably returned 
complete to the site, where they were disarticulated into skeletal element packages of similar utility 
value. Then, carcass exploitation tasks appear to have been systematically divided throughout the site 
in order to efficiently extract nutrients from the procured animals. Spatial analysis of the excavated 
area indicates that similar skeletal elements of the forelimb containing comparable marrow and grease 
values cluster around a spatially discrete area, mainly Feature 1. This strongly suggests that forelimb 
elements were segregated at enough distance from the hindlimbs where they were simultaneously 
processed and discarded in separate spatially discrete areas. 
A possible alternate scenario is the formation of Feature 1 as a result of a single clean up 
event representing the remains of 9 deer incrementally procured during an unknown period of time. 
However, if this is the case, and one animal is being intensively processed for meat, marrow, and 
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grease, after every procurement event, then a more complete body part representation should be 
expected in the pit feature. This interpretation requires the added assumption that different skeletal 
element packages of single animals are being disarticulated and processed in spatially segregated 
areas throughout the site after every successful hunt, and then constantly discarded into the same 
separate pits. This interpretation can be the possible result of cultural norm where anatomical units 
are constantly segregated and processed differently, or the action of carcass sharing between groups at 
the site. The current data however, does not support either the cultural norm or sharing scenarios 
without making further, more complex assumptions. 
Although bone accumulation from multiple hunting events, or `saving' bones for future 
grease and marrow processing is also witnessed in modern hunter-gatherer groups (e.g., Abe 
2005:138; Binford 1978b:158) and may also explain the faunal pattern, their skeletal element 
representation does not appear focused on one anatomical group, as observed at the Clarkson site, 
rather, they include a wide range of frontlimb, hindlimb, and axial bones. 
The causes for the behavior witnessed at the Clarkson site are currently unknown. Various 
explanations can be postulated, however, the intensive nature of the carcass exploitation patterns is 
probably a sign of resource intensification caused by the over-harvesting of deer as a result of the 
inherent increase in sedentism in a horticultural subsistence system. However, this proposition needs 
to be assessed using faunal data securely dated prior to and following the Clarkson sample. In other 
words, how intensive were faunal remains exploited at Clarkson during the early stages of occupation 
as opposed to immediately prior to its abandonment? And, where does the current sample lie? 
Moingona Phase Subsistence Summary 
The Moingona Phase of the Oneota tradition is a human adaptation to the central Iowa 
environment that took place approximately seven-hundred years ago. It is expected that Moingona 
villagers, much like people today, developed systems for coping with fluctuations in the resources 
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necessary for their survival and thrive on the landscape. Although it probably often failed or failed 
to achieve its optimal goal as alleviating any and all setbacks or environmental impositions to the 
people employing it. This system was most likely often reconstructed, improved upon, and reinforced 
based on prior knowledge of the environment and a wealth of synchronic as well as diachronically 
shared information, constituting a part of the dynamic often referred to as culture. 
This dynamic is derived from these people's experiences and often takes the driver's seat in 
the process of decision making. Positive or successfully perceived decisions will often be met by their 
retention and repetition in future applicable situations. Understanding the conditions under which 
Moingona people most often find themselves conducting decision making processes or activities can 
probably lead to the recognition of its material byproducts. Taking an eco-systemically approach to 
understand the broader context shaping the social and individual structures composing Oneota society 
is probably the best first step to understand all variables producing Moingona people's worldview. 
Future Research 
Why did Moingona people relocate to south eastern Iowa? Perhaps in search of more 
abundant resources? Were they forced from of the Des Moines River Valley? I do not think that's 
answerable at this moment. I postulate that Moingona people were probably well adapted to manage 
the natural and artificial resource fluctuations in their environment. This is partly due to the 
systematic incorporation of very labor intensive back-up strategies, in anticipation of possible failure. 
However, I still do not know how this adaptation evolved through the one hundred and fifty 
radiocarbon years Moffat (1998) states these people were in central Iowa. How did this system 
change from its inception and up to the point that I'm observing? What variables influenced the 
creation of the subsistence strategies witnessed at Clarkson? 
Is this form of nutrient extraction really an intensification strategy resulting from an 
increasing resource depression, or a part of the cultural norm? How is resource extraction changing at 
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Clarkson beginning at its initial settlement and ending at its abandonment? What about Moingona site 
at sites earlier and later than Clarkson? The variability of nutrient extraction intensity will probably 
begin to answer Fishel's question. I do not necessarily foresee the answers to these questions coming 
from the reanalysis of current collections. These specific questions require a precise understanding of 
their depositional context and sequence. This immaculate provenience can only be obtained by newly 
excavated, piece-plotted datasets (see Benn et al. 2003 for an excellent example). Thus, the strategies 
chosen to extract this information are of utmost importance. This is not to diminish the value of 
existing collections; however, in order to generate new questions, the collections need to be 
reanalyzed and asked again with new methodological approaches to provide new information 
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Figure 3. Location of Clarkson site in relation to other Moingona phase Oneota sites in central Iowa. 
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Figure 4. Excavation layout at the Clarkson site. 
~o 
Figure 5. Photograph of Feature 1, holding over half the faunal sample analyzed. 
~1 
Figure 6. (a) Ulnar articular fragment, unidentifiable prior to refitting. (b) Similar fragment after 
being refitted to a proximal ulna. Morphological knowledge after refitting increased this specimen' s 
potential for identification. 
~2 
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Figure 9. Cutmarked refitted proximal radius equaling 2 NISPcut and 1 MNEcut. Cutmarked area 
enlarged. Note impact fracture above cutmarks. 
75 
Figure 10. Distal radii showing their respective NISP values after refitting. 
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Figure 11. Impact fractured humerii shafts after refitting. 
~~ 
Figure 12. Impact fractured refitted distal radii. Circles mark points of percussion impact. 
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Figure 14. Clarkson relative skeletal element frequency ratio (%MAU) plotted against ranked food 
utility index (FUI) values (Metcalf and Jones 1988). 
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Meat and Marrow Return Rates 
Figure 15. Clarkson relative skeletal element frequency ratio (%MAU) plotted against combined meat 





















0 20 40 
Fat 
60 80 100 











0 20 40 60 80 100 
Marrow Return Rate 
Figure 17. Clarkson relative skeletal element frequency ratio (%MAU) plotted against marrow return 







Figure 18. Spatial distribution and clustering of (a) combined meat and marrow and (b) meat gross 
yields at the Clarkson site. Items in red are high values surrounded by high values while blue are low 







Figure 19. Spatial distribution and clustering of (a) marrow gross yield and (b) long bone fat °10 at the 
Clarkson site. Items in red are high values surrounded by high values while blue are low values 
surrounded by low values. 
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5 ~~ 
Figure 20. Carnivore gnawed lateral calcanea (a) and cranial astragalii (b) specimens. 
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Figure 23. Christenson relative skeletal element frequency ratio (%MAU) plotted against food utility 
index values (FUI; Metcalf and Jones 1988) showing a reverse utility curve (line is not statistical). 
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Table 2. Clarkson site summary of selected 
faunal remains expressed as NISP and MNI. 
Size Class Taxon NISP MNI 
III Deer 2~r 613 9 
IV Bison 29 1 




Total 2, 690 11 
92 
Table 3.Clarkson site deer NISP arranged by 
identification category. 
Identified Category NISP 
Element 702 26.9 
Long Bone Shaft 781 29.9 
Long Bone Epiphyses 115 4.4 
Indeterminate Flat Bone 80 3.1 
Indeterminate Cancellous Bone 132 5.1 
Indeterminate Vertebrae 40 1.5 
Indeterminate Bone 763 29.2 
Total 2, 613 100 
93 
Table 4. Animal class NISP by excavation unit (EU) and feature (F). 
Indeterminate 
Provenience Total Bison Wapiti Deer Large Mammal 
EU 1 44 1 1 40 
EU2 12 0 0 12 
EU3 116 7 5 103 
EU4 69 0 6 60 
EUS 9 0 0 7 2 
EU6 5 0 0 5 
F1 1,544 1 1 1,538 
F2 83 2 1 77 
F3 9 0 1 7 
F4 55 0 2 50 
F6 6 0 0 6 
F7 95 6 1 86 
F8 40 0 2 36 
F9 150 2 5 141 
F10 123 0 6 115 
F11 165 2 5 153 2 
F12 75 3 1 70 
F13 6 0 1 5 
F14 65 2 2 60 
F15 4 0 0 4 
Surface 44 3 1 36 3 
Unknown 2 0 0 2 
Total 2,721 29 41 2,613 7 
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Table 6. Clarkson skeletal element abundance summary 
expressed as NISP, MNE, MAU and %MAU. 
Element NISP MNE MAU %MAU 
Antler 3 1 - -
Cranium 27 1 1.0 14.3 
Mandibles 8 4 2.0 28.6 
Hyoid 0 0 0 0 
Atlas 4 2 2.0 28.6 
Axis 7 1 1.0 14.3 
Cervical 3 -7 20 6 1.2 17.1 
Thoracic 1-13 14 3 0.2 3.3 
Rib 7 5 0.2 2.7 
Sternum 0 0 0 0 
Lumbar 1- 5 17 6 1.0 14.3 
Sacrum 1 1 1.0 14.3 
Caudals 2 2 0.4 5.7 
Scapula 5 1 0.5 7.1 
Humerus 5 6 8 4.0 5 7.1 
Radius 94 12 6.0 8 5.7 
Ulna 3 3 10 5.0 71.4 
Ulnar carpal 9 8 4.0 57.1 
Intermediate carpal 24 14 7.0 100.0 
Radial carpal 15 14 7.0 100.0 
Fused 
2nd 
and 3rd carpal 13 12 6.0 8 5.7 
Fourth carpal 11 8 4.0 57.1 
Accessory carpal 7 7 3.5 50.0 
Metacarpal 84 12 6.0 85.7 
Fifth metacarpal 5 5 2.5 3 5.7 
Os coxae 14 3 1.5 21.4 
Femur 34 4 2.0 28.6 
Patella 1 1 0.5 7.1 
Tibia 21 3 1.5 21.4 
Lateral malleollus 0 0 0 0 
Astragalus 11 9 4.5 64.3 
Calcaneus 8 7 3.5 50.0 
Fused central and 4th tarsal 18 8 4.0 57.1 
Fused 211d and 3rd tarsal 6 6 3.0 42.9 
First tarsal 2 2 1.0 14.3 
Metatarsal 36 10 5.0 71.4 
First phalanx 34 21 2.6 37.5 
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Table 6. Continued. 
Element NISP MNE MAU %MAU 
Second phalanx 15 11 1.4 19.6 
Third phalanx 9 7 0.9 12.5 
First vestigial phalanx 1 1 0.1 1.8 
Second vestigial phalanx 3 3 0.4 5.4 
Third vestigial phalanx 1 1 0.1 1.8 
Proximal sesamoid 5 5 0.3 4.5 
Distal sesamoid 5 5 0.3 4.5 
Total 690 
98 




Number of Specimens in Conjoin 
2 3 4 5 6 7 8 
Total Number of 
Conjoined 
Specimens 
SC 1 1 - - - - 2 
HM 8 4 3 2 - - - 21 
RD 18 7 4 3 3 - 1 61 
UL 2 1 1 - S 
CPU 1 1 - - - - - 2 
CPI 7 5 1 1 - - - - 17 
CPF 2 2 - - - - 4 
CPS 1 1 - - - - - - 2 
MC 15 7 2 3 1 2 - 49 
IM 1 1 - - - 2 
FM 3 3 - - - - - 6 
TA 3 2 - - - 1 - - 10 
AS 1 1 - - - - - - 2 
TRC 4 1 1 2 - - - - 12 
MT 5 3 1 - - 1 - - 15 
PHF 5 3 2 - - 12 
PHT 1 1 - - - - - - 2 
Total 78 44 15 11 4 4 1 224 
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Table 8. Clarkson site size class (mm) and percent increase of 
deer element identifiability before and after refitting 
expressed as NISP. 
NISP 
Size Class (mm) Before refits After refits %Change 
5-9 0 2 200 
10-14 8 36 350 
15-19 63 149 137 
20-24 76 155 104 
25-29 75 122 63 
30-34 53 91 72 
35-39 37 63 70 
40-44 14 29 107 
45-49 12 15 25 
50-54 5 10 100 
55-59 2 5 150 
60-64 3 4 33 
65-69 5 5 0 
70-74 4 6 50 
75-79 0 0 0 
80-84 1 2 100 
85-89 1 1 0 
90-94 2 3 50 
95-99 1 1 0 
100-104 1 1 0 
105-109 0 0 0 
110-114 1 1 0 
Total 3 64 701 93 
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Table 9. Paired t-Test for NISP ML 
before and after refit. 
Before refit After refit 
Mean 28.0 14.5 
n 25 25 
df 24 
t ratio 2.7 
p-value <.005 
101 
Table 10. Clarkson Spearman rank-order 
(rs) correlations between landmark %MAU 
and landmark volume density for deer. 
Element N rs p 
SC 5 0.89 .041* 
RD 5 -0.56 .322 
HM 6 -0.16 .756 
MC 4 -0.2 .8 
IM 7 0.85 .015* 
FM 5 0.5 .391 
TA 4 -0.63 .3 6 8 
CL 4 -0.63 .368 
MT 4 0.31 .684 
PH 6 0.72 .103 
VT 9 -0.37 .323 
Assemblage 46 0.5 .00** 
Assemblage) 41 0.33 .034* 
N =number of ranks, corrected for ties. 
1 Assemblage excluding vertebrae. 
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Table 11. Clarkson unidentified vertebrae 
portions. 
Average 
Portion ML' NISP Percussion 
AEP 11.57 4 
AP 23.82 3 
CN 23.40 14 6 
CNT 26.84 3 -
EP 20.04 12 1 
FR 27.78 1 1 
PEP 18.38 2 














































0 0~ o 0 0 0 0 0 0 0~ M o 0 0 0 0 0~~ o 0 0 0~ o 
N r-+ ~ N 
O O ~--+ 0 0 0 0 0 0 0 0 ~--~ ~-+ 0 0 0 0 0 0 r-+ r--a O O O O r-+ O 
\O ~ O `O O O O O O O O O O O O O O O O O O~ O [~ X 0 0 
`O M ~ N ~ d" 
N ~--+ O~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0~ ~ ~ ,-~ O O 
~ 0 0 0~ 0 0 00 O O ~ M '--+ O ~-+ O M O O `O O O~ O~~~ M 
`O oo '-' N ~ 00 ~ N d' ~ `O N ~ ~ ~ N M 
`O N ~ r-+ ,-~ r--, ~ ~O M 
N O O O N N O M O N ~~~ O r--+ O N O O d' O '-+ ~---+ N~~ `O 
O~ 0 0 0~~ 0 0 O r-+ ~--+ M O N K l~ O O `O ~~ O 00 O~ ~--+ 
O ~--+ 0 0 0 r-+ O O N ~t N C O ~-+ '~t ~--~ O O M ~-+ ~--+ O ~ O r-+ N 
M ~ ~ ~ d' O ~ I~ ~ O ~O `O ~ O ~ O ~ O~ N M o0 ~ O ~t N ~ d' 
~-+ ~+ ~ ~--~ ~ N ,-~ `O ~--+ N ~ N O~ O O~ O ~+ ,-~ r-+ ~ M d" O ~ M M o0 
M [~ ~ ~ M ~ O ~ ~ O ~ ~ r--+ 00 ~ ~ 00 M ~ ~O d' O~ O ~ ~ O ~--~ 
M M N N d" N ~ ~ 00 00 N ~ N ~ M ~ *-+ r-+ ~ O~ d" ~ ~ 
,-~ r---a In r-+ r--+ ,-~ O M r--+ N ~ 00 ~ I~ M I~ ~ M ~ ~ M N O N ~O d' r-+ 
r--~ 
M ~ 00 ~' ~ O 'd" ~ [~ ~ \p '~' M O~ '~' ~ M r—+ ~ d- d- ~' ~--+ r--~ ,—~ 00 00 
N N ~—+ r-+ ~ O~ M N ,-~ r-+ ~—+ 00 r--+ M N r-+ ~—+ 
~ ~ ~ 
M ~ 
,--+ 
































00 O O O O 00 O O O N O `O 
N 
r—+ O O O O~ O O O N O~ 
.-~ 
t~ O~ O O O O O O O M O ~ 
N N 
r-+ ~ O O O O O O O M O O 
I~ 
O ~ ~ r—+ O ~ N o0 O ,-~ O ~ 
O [~ ~ ~ O N ~--+ r-+ O O~ O ~ O~ 
M ~ O N ~ ~ 00 O r--+ `O ~ ~ 
00 M ~ N N  M 00 `p ~ r—+ 
N N ~--+ ~ ,--{ 
M o0 `O N M [~ I~ O o0 ~ N O 
O N O 
r—+ r--+ M 
~ ~ M ~—+ `O ~' I~ ~ M O~ O M 
00 ~ M ~--+ `p 00 00 ~ ~ N ~ 
M '—+ `O N N ~—+ M 
~ `O ~ ,-~ 00 N M N ~ r--+ 00 O~ 
N ,-~ N N N ~ mot' 
N t~ 
~ ~ t~ N ~ I~ ~ O O o0 O [~ 
M ~O ~ N 
N 
~ ~--+ ~ 
N N 
M ~ [~ 
r--a 
`D ~' ~ Q~ N ~--~ O~ N M O N 




~ ~ ~ ~ a  ~ ~ 
~ a a a ~ ~ ~ ~ ~ ~ ~ 
105 
Table 13. NISP burned and %-NISP burned by skeletal element and coding category. 
NISP Carbonized 
Element NISP burned % Browned % Carbonized % Calcined % and calcined 
CRN 27 1 3.7 0 0 0 0 0 0 1 3.7 
CE 3-7 20 1 5 0 0 0 0 1 5 0 0 
TH 1-13 14 1 7.1 1 7.1 0 0 0 0 0 0 
SC 5 2 40 0 0 0 0 0 0 2 40 
HM 5 6 4 7.1 0 0 0 0 4 7.1 0 0 
RD 94 2 2.1 1 1.1 1 1.1 0 0 0 0 
UL 33 1 3 0 0 0 0 1 3 0 0 
CPI 24 1 4.2 0 0 0 0 0 0 1 4.2 
CPR 13 2 15.4 0 0 1 7.7 1 7.7 0 0 
CPS 13 1 7.7 0 0 1 7.7 0 0 0 0 
MC 84 3 3.6 0 0 1 1.2 0 0 2 2.4 
IM 14 1 7.1 1 7.1 0 0 0 0 0 0 
FM 34 1 2.9 0 0 0 0 1 2.9 0 0 
TA 21 1 4.8 1 4.8 0 0 0 0 0 0 
CL 8 1 12.5 0 0 0 0 0 0 1 '_ 2.5 
TRC 18 2 11.1 0 0 2 11.1 0 0 0 0 
MT 34 3 8.8 0 0 0 0 1 2.9 2 5.9 
PHF 34 8 23.5 1 3 0 0 6 18.2 1 3 
PHS 15 6 40 0 0 0 0 2 13.3 4 '.6.7 
PHT 9 2 22.2 0 0 0 0 0 0 2 '.2.2 
FB 82 9 11 5 6.3 1 1.3 1 1.3 0 0 
LB 782 107 13.7 19 2.3 6 0.8 46 5.9 36 4.6 
MP 12 3 25 0 0 0 0 0 0 3 25 
VT 40 2 5 0 0 0 0 2 5 0 0 
US 763 127 16.6 7 0.9 3 0.4 52 6.9 65 8.6 
CB 132 8 6.1 2 1.5 0 0 2 1.5 4 3 
Total 2, 613 3 00 11.5 3 8 1.5 16 0.6 122 4.7 124 4.7 
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Table 14. Long bone burning by portion (includes carpals and tarsals). 
Portion Burned 
Element Complete Proximal Shaft Distal Fragment NISP burned 
HM - 3 1 - 4 
RD - 2 - - 2 
CPI - - 1 1 
CPR 1 - 3 4 
CPS - - - - 1 1 
MC - 2 - 1 - 3 
FM - 1 - - 1 
TA - 1 - - 1 
CL - - - 1 1 
TRC 2 - - - 2 
MT - 2 1 3 
PHF - 5 3 - 8 
PHS - 2 - 4 - 6 
PHT - 2 - - - 2 
Total 3 16 4 11 5 3 9 
107 
Table 15. Carnivore modification by portion (includes carpals 
and tarsals). 
Portions Gnawed 
Element Complete Proximal Shaft Distal NISPcarn 
HM 2 2 1 5 
RD - 3 1 1 5 
UL - 2 1 1 4 
CPI 1 - - 1 
CPS 2 - - - 2 
MC - 7 2 5 14 
FM - - 1 - 1 
PT 1 - 1 
TA - - 2 - 2 
AS 5 - - - 5 
CL 2 - 1 2 5 
TRC 6 - - - 6 
Total 17 14 10 10 51 
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Table 16. Clarkson % toothmarked and End/Shaft ratio. 
ELE % tooth-marked Ends Shafts End/Shaft ratio 
HM 3.57 4 12 .33 
RD 1.06 8 14 .57 
MC 2.3 8 4 9 .44 
FM 2.94 4 6 .67 
TA 9.52 3 5 .60 
MT - 10 31 .32 
Assemblage 3.60 224 77 .67 
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Table 17. NISPcut and NISPcut% by 
anatomical groups 
Anatomical Group NISP NISPcut 
Cranial 38 7 18.4 
Axial 72 7 9.7 
Forelimb 363 53 14.6 
Hindlimb 149 3 9 26.1 
Distal 68 12 17.6 
Indeterminate 1923 58 3.0 
Total 2613 176 6.7 
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Table 18. NISP showing cutmarks displayed by proximal, distal 
and shaft portion, including long bone shaft fragments. 
Portions Cut 
ELE complete proximal shaft distal NISPcut 
HM - 1 4 - 5 
RD - 5 1 2 8 
UL - 2 2 - 4 
CPR 7 - - - 7 
CPI 3 - - - 3 
CPU 7 - - 7 
CPA 5 5 
CPF 3 - 3 
CPS 4 4 
MC - 1 2 2 5 
FM - 1 1 2 
TA - 2 - 2 
AS 6 - - 6 
CL 2 - 2 4 
TRC 11 - - 11 
MT 11 9 1 1 11 
LB**  - - - - 37 
Total 5 9 18 13 8 124 
* Proximal, medial and distal shafts are combined, * *not 
identified to element 
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Table 19. NISPcut and %NISPcut by joint. 
Skeletal Portion NISP NISPcut 
Shoulder 9 1 1 1. l 
Scapula glenoid 1 0 0 
Proximal humerus 8 1 12.5 
Elbow 86 7 8.1 
Distal humerus 27 0 0 
Proximal radius 42 5 11.9 
Proximal ulna 17 2 11.8 
Wrist 177 32 18.1 
Distal radius 49 2 4.1 
Distal ulna 13 0 0 
Radial carpal 15 7 46.7 
Intermediate carpal 24 3 12.5 
Ulnar carpal 9 7 77.8 
Accessory carpal 7 5 71.4 
Fourth carpal 11 3 27.3 
Fused second and third carpal 13 4 30.8 
Proximal metacarpal 3 6 1 2.8 
Hip 12 2 16.7 
Acetabulum 6 2 3 3.3 
Proximal Femur 6 0 0 
Knee 16 1 6.3 
Distal femur 8 1 12.5 
Patella 1 0 0 
Proximal tibia 7 0 0 
Ankle 7 7 3 0 3 9 
Distal tibia 9 0 0 
Astragalus 11 6 54.5 
Calcaneus 8 4 50 
Fused central and fourth tarsal 18 11 61.1 
Fused second and third tarsal 6 0 0 
First tarsal 2 0 0 
Proximal metatarsal 23 9 39.1 
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Table 19. Continued. 
Skeletal Portion NISP NISPcut 
Phalanges 60 10 16.7 
Distal metacarpal 19 0 0 
Distal metatarsal 7 1 14.3 
First phalange 20 5 25 
Total 423 83 19 
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Table 20. Chi-square results for selected joints expressed as NISP. 





0=47 0=3 0 77 
E=62.3 E=14.6 
0=307 0=53 360 
E=2 91.6 E=6 8.3 
354 83 423 
x2 = 24.2 p< .001 




















E=143.3 E=3 3.6 
0=209 0=51 
E=210.6 E=49.3 8 
354 83 





Table 21. Minimum number of element portions displaying cutmarks and their proportion to 
respective MNE. 







1 33.3 22.2 
0 0 0 
1 50 37.5 
Elbow 29 4 13.8 5.7 
Distal humerus 7 0 0 0 
Proximal radius 12 2 16.7 4.8 
Proximal ulna 10 2 20 8.2 
Wrist 97 29 29.9 11.8 
Distal radius 12 1 8.3 4.3 
Distal ulna 10 0 0 0 
Radial carpal 14 6 42.9 -3.8 
Intermediate carpal 14 3 21.4 8.9 
Ulnar carpal 8 6 75 -2.8 
Accessory carpal 7 5 71.4 0 
Fourth carpal 8 3 3 7.5 10.2 
Fused second and third carpal 12 4 33.3 2.6 















1 14.3 -2.4 
1 33.3 0 
0 0 0 
1 14.3 8 
1 25 12.5 
0 0 0 
0 0 0 
Ankle 45 24 5 3.3 14.4 
Distal tibia 3 0 0 0 
Astragalus 9 6 66.7 12.1 
Calcaneus 7 4 5 7.1 7.1 
Fused central and fourth tarsal 8 8 100 3 8.9 
Fused second and third tarsal 6 0 0 0 
First tarsal 2 0 0 0 
Proximal metatarsal 10 6 60 20.9 
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Table 21. Continued. 
Skeletal Portion cMNEp* cMNEp-cut % %-change 
Phalanges 28 4 14.3 7.6 
Distal metacarpal 1 0 0 0 
Distal metatarsal 7 1 14.3 0 
First phalange 20 3 15 6.2 
Total 216 64 29.6 12 
*MNEp, Minimum Number of Element portions 
1 %-Change number is from NISP values on Table 20 
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Table 22. Paired t-test for no difference between the means of NISP-cut and 
MNEp-cut. 

















4.22 < .001 
2.55 < .001 
3.60 < .001 
8.56 <.001 
2.17 < .OS 
2.46 < .OS 
*t-test performed on aresine transformation of proportions, (Lyman 2005), 
* *N = 29, df = 28, * * *N = 7, df = 6, ' log(e)N 
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Table 23 . Chi-square results for select j oints expressed as MNE. 





0=21 0=24 45 
E=31.6 6 E=13.3 3 
0=131 0=40 171 
E=120.33 E=50.66 
152 64 216 
x 2=15.317 p<.001 




















df = 1 
118 
Table 24. Percussion by anatomical group. 
Anatomical group NISP NISP impacted 
Cranial 3 8 29 76.3 
Axial 72 46 63.8 
Forelimb 363 209 57.5 
Hindlimb 149 95 63.7 
Distal 68 22 32.3 
Indeterminate 1, 92 3 3 40 17.6 
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Table 27. Results of rank order correlation between skeletal element utility values and 
Clarkson MAU. 
Utility Variable rs p Reference 
Grease 
Marrow Index 
Marrow return rate (cal/hr) 
Marrow calories (cals) 
Meat return rate (Kcal/hr) 
Marrow return rate (Kcal/hr) 
Marrow gross yield (Kcal) 
FUI 
MGUI 
Meat gross yield (Kcal) 
Meat Index 
GUI 
Meat and marrow gross yield (Kcal) 
Long bone fat 

































Jones and Metcalf 1988 
Jones and Metcalf 1988 
Madrigal and Holt 2002 
Madrigal and Holt 2002 
Madrigal and Holt 2002 
Metcalf and Jones 1988 
Binford 1978 
Madrigal and Holt 2002 
Binford 1978 
Binford 1978 
Madrigal and Holt 2002 
Brink 1997 
Madrigal and Holt 2002 
124 
Table 28. Clarkson site MNE by provenience. 
Excavation Unit Feature 
ELE MNE 1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
CRN 6 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 
MR 7 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 1 2 0 0 1 0 
AT 3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 
AX 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 
CE 11 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 3 4 0 0 2 0 
TH 10 0 0 1 1 0 0 1 0 0 0 0 0 0 2 1 0 2 1 0 1 0 
RB 4 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 
LM 14 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 1 3 3 0 3 0 
SA 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
CA 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
SC 3 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 
HM 13 1 0 1 0 0 0 7 0 0 1 0 0 1 1 1 0 0 0 0 0 0 
RD 20 0 0 3 0 1 0 11 0 0 1 0 0 1 1 0 0 1 1 0 0 0 
UL 13 0 1 1 0 0 0 10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
CPU 7 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 
CPI 14 0 0 1 2 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
CPR 14 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 3 0 0 0 0 
CPS 12 0 0 0 2 0 0 9 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
CPF 8 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
CPA 7 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
MC 15 0 0 1 1 0 0 10 0 0 1 0 0 0 0 1 0 0 0 0 1 0 
IM 7 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 2 0 1 0 
FM 11 1 1 0 1 0 0 2 0 0 0 0 0 1 1 0 1 2 0 0 1 0 
PT 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TA 6 0 0 1 0 0 0 2 0 0 0 0 0 1 0 0 0 1 0 0 1 0 
AS 10 0 1 2 1 0 0 1 0 0 1 0 0 0 0 0 0 3 0 0 1 0 
CL 6 1 0 1 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 
TRC 10 0 0 0 1 0 0 3 1 0 0 0 0 0 0 0 0 3 1 0 1 0 
TRS 6 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
TRF 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
MT 13 1 0 0 1 0 0 6 0 0 0 0 0 1 0 0 0 2 0 0 1 1 
PHF 22 1 0 0 1 0 0 10 1 0 1 0 0 2 2 0 3 0 1 0 0 0 
PHS 11 1 0 0 0 0 0 6 1 0 0 0 0 1 0 1 1 0 0 0 0 0 
PHT 8 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 2 0 2 0 0 0 
Total 299 6 3 17 13 1 0 127 7 1 9 1 1 13 11 8 15 33 13 0 19 1 
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Table 29. Global Moran's I results showing spatial 
autocorrelation values for carcass economic utility indices 
at the Clarkson site. 
Variable Moran's I P * Mean sd 
Grease .12 < .OS -.OS .07 
Marrow' .17 < .OS -.OS .08 
Meat' .20 < .Ol -.OS .07 
Meat and Marrows .21 < .O1 -.OS .07 
s 
Gross deer yields (Madrigal and Holt 2002) 
*9, 999 permutations conducted on all variables. 
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Table 31. Results of rank order correlation between skeletal element utility values 




Marrow return rate (Kcal/hr) 
Marrow gross yield (Kcal) 
Grease 
GUI 
Marrow return rate (cal/hr) 
Meat Index 
Meat return rate (Kcal/hr) 
FUI 
Meat and marrow return rate (Kcal/hr) 
Meat gross yield (Kcal) 
Meat and marrow gross yield (Kcal) 
Marrow calories (cals) 




































Madrigal and Holt 2002 
Madrigal and Holt 2002 
Binford 1978 
Binford 1978 
Jones and Metcalf 1988 
Binford 1978 
Madrigal and Holt 2002 
Metcalf and Jones 1988 
Madrigal and Holt 2002 
Madrigal and Holt 2002 
Madrigal and Holt 2002 
Jones and Metcalf 1988 
Brink 1997 
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Table 32. Ratios of identified to "unidentifiable" specimens from recently analyzed Moingona Oneota 
faunal assemblages, including deer identified to skeletal element. 
Total 
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